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Abstract 
It has been some time since the first breakthrough of agricultural yield increases signaled the 
start of the Green Revolution in the tropical monsoon area of Asia. The possibility of a similar 
revolution occurring in Sub-Saharan Africa, the region awaiting such technological 
transformation and the consequent social benefits since a long time, has drawn the attention of 
many researchers for several decades. Researchers have approached the issue differently. This 
thesis contributes to these efforts by discussing the possibility of a green revolution in 
Sub-Saharan Africa with respect to Ugandan rice farmers, with a particular interest in farmers’ 
attitudes to risk (risk attitudes) and the impact thereof on yield and acreage. 
Based on a nationwide survey of rice-growing households, we explore the evolution of 
rainfed rice cultivation in Uganda, its diversity in different regions of the country, the categories of 
farmers that have adopted it, and its integration into traditional cropping patterns. It is found that 
the diffusion of rainfed rice cultivation accelerated at around the turn of this century when a 
series of upland rice varieties called NERICA (New Rice for Africa) was introduced in the 
agro-ecological zones receiving annual rainfall of 1000 mm or more. The growth rate of area 
under rainfed rice cultivation from 2000 to 2009 was 14% year
-1
 in the lowest zone and as high 
as 31% year
-1
 in the highest zone. It is found that rice is grown predominantly by smallholders. 
Farmers growing rainfed rice, in upland and lowland areas alike, cultivate on average 2 ha of 
farm land, of which a third (0.6 ha) is planted to rice. Nevertheless, the cultivation areas and 
rice-planted areas of around 70% of farmers are below these averages. In terms of land tenure 
systems, rice is a more important crop in areas where the traditional customary tenure systems 
remains; and the incidence of leasehold land tenure is higher for rice cultivation than for other 
crops. 
We also examine how farmers grow rice under rainfed conditions in various 
agro-climatic zones, how rainfed rice cultivation performs in terms of yield, and what factors 
determine the level of rice yield. It is found that Nerica 4 (one of NERICA varieties) and Supa (a 
local variety) are the two major varieties planted by rainfed rice farmers in upland and lowland 
areas, respectively. High seeding rates, low fertilizer-chemical application, and high labor 
intensity characterize rainfed rice cultivation in Uganda, although distinct regionality exists in 
fertilizer-chemical application and labor intensity. A high marketed ratio of rice production also 
characterizes rice farming. Rainfall, the amount of seeds and fertilizers applied, farming in 
lowland areas, and small farmers are positive determinants of rice yields. Furthermore, there is 
potential for high yields in western regions of the country, with some minor lowland rice varieties 
performing better than the popular Nerica 4 and Supa. The estimation also reveals that rice plots 
under the traditional tenure systems yield less, and those under the leasehold system yield more, 
than those under the formalized freehold and private mailo systems. 
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Using data collected from farmers in central Uganda, we then look at how NERICA was 
introduced into a multiple-cropping upland farming system and what impact it has on farmers’ 
income. NERICA was introduced into the traditional cropping pattern of the banana–coffee 
system by replacing mainly maize and sweet potato, resulting in an increase in cropping intensity 
and bringing hitherto uncultivated land under cultivation. After nearly a decade since its 
dissemination began, upland farmers in the study area, large and small farmers alike, retain a 
strong enthusiasm to adopt NERICA. The incidence of land leasing is increasing mainly to grow 
NERICA. Behind such enthusiasm is the high profitability resulting from NERICA production. We 
make it clear that NERICA’s high-yielding characteristics have been realized in farmers’ fields 
such that the profitability of production is highest among the upland crops grown in the study 
area, in spite of its higher input requirements relative to other crops, and resulting in substantial 
increases in farmers’ household income. Thanks to the pro-smallholder nature of NERICA 
technology, this income increase is particularly distinct for smallholders. The introduction of 
NERICA increases smallholders’ crop income by 40–60%, contributing to ameliorating income 
distribution in the study area.  
The last part of this thesis examines farmers’ perceptions toward risk related to rice 
production and the effects thereof on planting decisions. To analyze farmers’ perceptions of risk 
inherent in crop production, it first need to be established how rice is positioned in farmers’ 
cropping patterns as they normally produce rice together with other crops. Three representative 
cropping patterns are identified and regressed with farmer characteristics. The regression results 
show that farmers who cultivate rice using the majority of their land tend to be younger and with 
smaller sized land holdings, compared to other farmers. There is a tendency that, as land sizes 
increase, the portion of rice shrinks while that of maize expands. This thesis also examines the 
methods by which farmers perceive risks inherent in rice production and determines the kinds of 
farmers who find rice riskier than other crops. It is valuable to do this analysis in relation to other 
crops too. Thus, regression is done for the three crops of rice, maize, and beans. Younger 
farmers in Kyankwanzi District with longer experience in rice production assess rice as a 
high-risk option. As expected, the distances to mills for rice and maize influence farmers’ risk 
assessment for the crops. The farther the mills, the riskier the farmers find production of the 
crops. 
Lastly, the effects of Ugandan farmers’ attitudes toward risk on their decisions about 
rice production are closely analyzed and discussed. For this purpose, we propose a three-step 
linked procedure: (1) a risk attitude function that regresses variables of farmer and farm 
characteristics on their risk attitude, (2) a yield function that uses variable of risk attitude 
predicted by the risk attitude function on farmers’ actual yield, and (3) an acreage function that 
relates variables of yield predicted by the yield function on acreage. This procedure is based on 
the assumption that acreage decisions are a reflection of farmers’ actual yields that are 
associated with risk-averting farming practices or inputs. This procedure also contributes to 
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minimize the difficulty associated with statistical endogeneity. In this study, minimum and 
maximum yields, as well as average yield, are analyzed to investigate the effects of risk attitude 
on the best and worst situations. The estimation results show that age and religion are 
significantly correlated with farmers’ attitudes to risk, that risk-averse farmers perform better in 
terms of yield for both rice and maize, and that higher yields subsequently increase acreage for 
production. Risk-averse characteristics increase yields and acreage for both crops, but to a 
slightly larger extent for maize. Both productivity and weather are important factors in increasing 
planting areas for both crops. It is also important to consider how rice acreage can be increased 
under the current situation in which maize is the most produced crop in the country and actually 
produced about ten times as much as rice. Although this study could not find specific factors that 
promote farmers’ shift from maize to rice production, an interesting point found is that the risk 
attitude elasticity figures calculated for rice are largest at the maximum yield level. This finding 
suggests that the gain that further pushes the maximum yield level upward, or upside risk, is 
more appealing for Ugandan rice farmers to increase rice acreage, compared to the gain 
pushing the minimum yield level upward. Another point to note from this study is that risk-averse 
farmers perform better through using less costly but better on-farm management techniques. 
Although this requires further research, our study contributes to informing appropriate extension 
methods for rice farming in Uganda or other African countries. 
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Preface 
 
A Brief History and Status of Rice  
in Uganda 
 
 
Rice is a new crop to most farmers in Uganda, as is often cited in documents published by the 
government (MAAIF, 2009). This status of rice is of profound importance when we consider its 
dissemination to rural Uganda. Unlike other traditional staple crops such as millet, sorghum, and 
cassava, rice is not a subsistence crop for the farmers who grow it, but a cash crop that is 
destined for consumption in urban markets. In this respect, rice in Africa is diametrically different 
to rice in Asia where it has long been the most important subsistence crop that farmers grow to 
satisfy their home consumption needs first, with the rest, if any, sold to the market. 
Bearing this in mind, we consider a brief history of rice in Uganda before moving on to 
the main contents of the thesis. This is done to provide a picture of the novelty and importance of 
rice to Ugandan farmers as well as consumers with respect to area planted, calorie intake, and 
rice imports and exports. 
Several historians and researchers have attempted to establish when rice came in to 
the country. Kikuchi et al. (2013) recently compiled a study that cites such literature. They 
conclude, after scrutinizing three different periods mentioned in the literature, “it seems clear that 
rice was first introduced to Uganda by Arab traders sometime in the 19
th 
century after 1844, the 
year when Arab traders first arrived at Buganda (Reid, 2002. p.151), cultivated thereafter 
sporadically by and/or for the Arabs, and its consumption among local people was limited to a 
small circle.” The other two periods mentioned are the 1900s and the 1940s. All of the reported 
periods in a sense, seem true as they report the situation of rice on the ground at the time. Rice 
had been introduced and tried out by farmers in each of these periods but was not picked up 
successfully until the 1940s, meaning that the first two attempts were futile, achieving almost 
non-rice cultivation in the country (Kikuchi et al., 2013. p.3). Since then, rice has been cultivated 
2 
 
yet avoided complete extinction only by a narrow margin until significant production occurred in 
the 1990s (Kikuchi et al., 2013). The area planted to rice increased rapidly from the beginning of 
1990s to 2007 at extraordinary rates, partly because the initial level was so low. Despite such 
rapid increases, the existence of rice is minimal among the cropping patterns of Ugandan 
farmers.  
On the consumption side, the MAAIF (2012) puts 2008 per capita rice consumption at 8 
kg, and notes urban bias. Rice is welcomed enthusiastically by the urban population, especially 
younger generations, due to its easiness to prepare and cook, its whiteness, and its palatability. 
This has caused to some extent changes in the daily food consumption of urban Ugandans in 
terms of composition and share. Looking at the changes historically, the statistics show that, 
using the measure of per-capita consumption of major staple crops, the most important staple 
food crop group in the diet of an average Ugandan was and still is roots and tubers, both in 
terms of weight of crops consumed and in terms of calorie intake. Coarse grains (i.e., millet and 
sorghum) were the second most important crop group in 1965, but they have declined to fourth 
place, surpassed by plantains and maize. The presence of rice in Ugandans’ diet was minimal in 
the 1960s–1990s but its consumption has been increasing rapidly recently. This trend will 
certainly continue in the future, possibly at accelerated speeds, as economic development in 
Uganda increases the income levels of consumers. Such an increase in the per-capita 
consumption of rice may be welcome in terms of calorie efficiency, obtainable by dividing 
per-capita calorie intake by per-capita consumption in kg. Among the staple crops, the calorie 
efficiency of rice is highest (9.8 Kcal/kg), while it is lowest for plantains (2.4 Kcal/kg), and roots 
and tubers (2.8 Kcal/kg). The traditional staple crops in Uganda are thus characterized by heavy 
weight with low calorie efficiency, except for maize, the calorie efficiency of which is second 
highest (8.5 Kcal/kg), next to rice.  
The self-sufficiency rate of rice in Uganda has been high, remaining at a level of around 
80%. The demand-led increase in imports of rice was rapid until around 2000. Since then, while 
the per-capita consumption has continued to increase, imports have decreased from around 
25,000 t/year in 2000 to around 15,000 t/year in recent years. This suggests that domestic rice 
production has been able to cope with increasing consumption, to some extent. With Uganda’s 
agro-climatic conditions, the recent trends in rice production, imports, and self-sufficiency seem 
to indicate that it would be possible to attain full self-sufficiency, except for specialty rice favored 
by Uganda’s Asian minority population. It might even be possible for Uganda to become a net 
exporter of rice, provided productivity of rice farming is improved. 
At present, Uganda imports rice mainly from Pakistan and Vietnam but also quite a 
large amount from neighboring Tanzania. Whether Uganda remains a net importer of rice or 
becomes a net exporter of rice depends on how fast the productivity of rice farming in the 
country improves.  
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It should be reiterated that rice is still a minor crop in Uganda in terms of both 
production volume and area planted. It can be said, therefore, that there is a large opportunity to 
improve dramatically the country’s food production status and welfare of consumers for the 
better. 
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Chapter 1 
 
Introduction 
 
 
1.1  Background of the study 
The main driving force behind this study is the difference between tropical monsoon Asia
1
 and 
Sub-Saharan Africa in pursuit of the Green Revolution for rice. If the Green Revolution in this 
region of Asia benefitted even small-scale farmers, why does the same not occur in 
Sub-Saharan Africa? Farmers in Sub-Saharan Africa, the majority of which farm on a small scale, 
might have waited for this revolution for quite a long time. 
One of the important consequences of the Green Revolution in tropical monsoon Asia 
was changes in per-capita food production for that region (Hazell, 2009; Larson et al., 2010). 
With rice being the overwhelmingly important staple food in tropical monsoon Asia, the Green 
Revolution was led by rice in the 1960s when the first modern variety of rice, IR8, was released 
by the International Rice Research Institute (IRRI) (Barker and Herdt, 1985). It was from the 
mid-1970s that rice yields in the region showed a steady upward trend, and this is behind the 
steady increasing trend of per-capita food production. With these changes, food supply in the 
region has improved continuously, wiping out widespread famines and hunger from rural South 
and Southeast Asia. The last serious famine in this region occurred in Bangladesh in 1972, 
decimating 200,000 people (Sen, 1981). Therefore, one of the most important consequences of 
the Green Revolution in tropical monsoon Asia has been this eradication of famine and hunger 
from rural areas. 
 On the other hand, the trend for changes in per-capita food production in Sub-Saharan 
Africa is in a striking contrast with that of tropical monsoon Asia, as shown in Figure 1.1. 
Per-capita food production has been increasing steadily in tropical monsoon Asia since the 
mid-1970s and was 60% higher in the late 2000s compared to that in the early 1960s. Compared 
to tropical monsoon Asia, Sub-Saharan Africa enjoyed a relatively better position in per-capita 
                                                   
1
 Note that tropical monsoon Asia does not include countries in East Asia. 
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food production until around 1970, but subsequently declined to a level 20% lower in the 
mid-1980s than that in the early 1960s. Its downward trend has since turned upwards, but the 
rate of growth has been slow and the trend turned stagnant in the late 2000s. Thus, 
Sub-Saharan Africa has still failed to restore its level of per capita food production enjoyed 50 
years ago. This sharp contrast between Sub-Saharan Africa and tropical monsoon Asia attests 
to the need for the Green Revolution in Sub-Saharan Africa. 
 We focus on rice in Uganda to assess the possibility of the Green Revolution on the 
continent since Uganda is considered to be a model of dissemination of the NERICA
2
 varieties 
developed by the Africa Rice Center (ARC), formerly known as West Africa Rice Development 
Association (WARDA). The country’s efforts so far have registered some success. This creates 
an environment conducive to study the possibility of rice farming, including NERICA, for 
improving livelihood of farmers and attaining a rice-led green revolution in the country and on the 
continent. The fact that Uganda has both upland rainfed and lowland rainfed rice production of 
almost equal magnitudes also provides an opportunity for the study to generate lessons 
applicable to both ecologies and, therefore, for the majority of African countries, which are 
dominated by rainfed rather than irrigated farming. 
 
1.2  Research topics 
There is substantial research on the issue of what Sub-Saharan Africa can learn from the Asian 
experience in achieving its Green Revolution of the past as well as more recently. Some of the 
recent research includes works by Kijima et al. (2011), Kajisa and Payongayong (2011), and 
Cassman and Grassini (2013), in which they identify potentials and constraints. This thesis is 
intended to contribute to the discussions, through analyses of farmers’ behavior, but it pays 
specific attention to possible hindrances to realizing a rice-led green revolution in Sub-Saharan 
Africa by using the case of Uganda. Some of the hindrances may be low availability of irrigation, 
low access to fertilizers, and poor transport networks for agricultural inputs and outputs, among 
others. 
Kijima et al. (2011) point out that farmers who started rice production with expectations 
of higher profits quit after several seasons of cultivation. Rice requires more water compared to 
other upland crops grown in the country such as maize, cassava, and coarse grains (Kijima et al., 
2011). Thus, considering the majority of farming in the country is rainfed, a possible reason 
among others for such drop out is the unreliable climate pattern, which inevitably forces farmers 
to face yield risk. If farmers have the characteristics of avoiding or minimizing risk, this would 
play a significant role in their production decisions, and most likely lead to reduction of 
production. Risk, therefore, should be one of the possible hindrances to expanding production 
and this thesis examines this risk factor in detail. This is the hypothesis set and tested in this 
thesis. 
                                                   
2
 NERICA (New Rice for Africa); Oryza sativa x O. sativa x O. glaberrima 
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To approach it in a systematic way, the research topic is divided into four sub-topics, 
namely “environment and cropping structure of rice production,” “production and productivity of 
rice farming,” “contribution to income generation through rice production,” and “rice farming 
decisions under risk.” Each sub-topic has its own chapter in this thesis. The first two sub-topics 
form the first part of the thesis and capture Uganda’s rice cultivation as a whole. Without having 
a clear and comprehensive picture of how rice farming in the country is conducted and what 
features are entailed in Uganda’s rice production, it is hard to analyze a specific variety and a 
specific farmer’s behavior. This comprehensive picture of rice farming in Uganda has not yet 
been available up to this point. The thesis attempts to assess the positive as well as negative 
aspects of rice farming through closely observing its evolution since its first introduction to the 
country about 150 years ago; the introduction of reportedly more promising varieties of NERICA 
about 20 years ago; and the current production structure and farming households involved. The 
third sub-topic forms the second part of the thesis, and looks more closely into the impact of rice 
farming, especially production of the new variety series of NERICA, on income generation. 
Unlike earlier studies, this is done with reference to the nationwide scenario. Finally, irrespective 
of whether the potential of rice farming increases food production and confirms income 
generation, the last sub topic, which forms the third part of the thesis, addresses farmers’ 
perceptions of risk associated with rice production and their attitudes to risk (risk attitudes), by 
testing the hypothesis mentioned above. If their risk attitudes affect decisions on rice production, 
then information on the extent of influence of such attitudes and methods to handle these would 
constitute the final outputs of this thesis for a way forward to attain a green revolution in Uganda 
and Sub-Saharan Africa. 
 
1.3  Analytical framework 
To address the aforementioned objectives of the research, the following analytical framework 
was considered. The first part that comprehensively examines the current situation of Ugandan 
rice production can only be approached by analyzing data with wide coverage for different 
agro-ecological zones in the country. The data identified for this purpose was a nationwide 
survey on rice growing farmers conducted by the National Crop Resources Research Institute 
(NaCRRI) of Uganda in collaboration with the ARC under a project titled “Strengthening the 
Availability and Access to Rice Statistics for Sub-Saharan Africa: A Contribution to the 
Emergency Rice Initiative.” The survey was conducted between August–November 2009 for 
more than 1,200 farmers in 15 districts. The details of the sampling procedure are presented in 
the following chapters before presenting the results of the analysis on this dataset. Since the 
major purpose of the first part is to look specifically into the evolution of and regional differences 
in rainfed rice farming in Uganda, only simple statistical methods, such as simple statistical tests 
for sample means (Student’s t-test and multiple comparison), and humble regression analyses, 
are employed. For identifying the determinants of rice yield, rice yield functions are estimated by 
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applying a robust regression method, which offers less sensitivity to outliers among samples.  
After grasping the situation of rice farming in general in the country, an analysis of the 
second part can be conducted to identify the impact on the agricultural economy of rice farming 
with special attention to NERICA varieties. To do so, the case is used of Namulonge, an area 
that has advanced in growing NERICA varieties for quite some time. To evaluate the 
effectiveness and impact of NERICA, farmers in the area have to be exposed to the varieties for 
sufficient periods. This is how Namulonge area came to be selected. In order to see the impact 
of NERICA, sample farmers should be divided into those with NERICA cultivation and those 
without. Farm size, whether small or large, is another aspect to be considered as this enables 
the respective measurement and comparison of the impact of NERICA introduction by farm size. 
There are 75 sample farmers in total, of which 45 are NERICA adopters and 30 are 
non-adopters. These exceed the number originally planned for, namely, 50 farmers, comprising 
25 in each category. The details of selection and sampling procedure are discussed later. Since 
examination of the impact of NERICA adoption on farmers’ income is one of the important 
components of this part, crop income functions are estimated, apart from t-test for mean 
differences. The estimation is made using the ordinary least squares method. 
In the third part, the hypothesis explained above (i.e., the influence of farmers’ attitudes 
to risk on decisions of rice production) is tested using the data collected via a stratified random 
sampling method. For this section, 280 responses of rice farmers are obtained in two rice 
producing districts, one in the east and the other in the west. The two districts are selected with 
probability proportional to size of rice farmers among the districts known to us as rice producing 
districts. The number of districts selected at the first step of stratified random sampling is 
relatively small, but it is inevitable given the limited survey budget. However, the two districts 
share the representativeness of Ugandan rice production. Since farmers’ response to risk is the 
point of interest for this part, our survey at the sites is not limited to administering questionnaires 
but also conducts a risk attitude elicitation experiment.  
At first, a thorough description of the statistics of the entire farmer sample is carried out. 
It involves analyzing cropping patterns adopted by farmers, and their subjective risk assessment 
for the crops they grow. Several types of commonly practiced cropping patterns are identified by 
using the cluster grouping method. Then, we consider factors and conditions that influence for 
farmers to choose particular cropping patterns. The multinomial logit model is applied, which is 
suitable to estimate probabilities of selecting one option among available options. For farmers’ 
subjective risk assessment for crops, a regression is conducted with the multivariate probit 
regression model, which allows for the joint regression of multiple equations. The number of 
equations depends on how many crops are analyzed together. Some screening of the data and 
creation of a sub-sample may be needed at this stage because of lack of responses necessary 
for the above analyses. 
Then, we screen the data further for the next analysis of farmers’ risk attitudes by 
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adopting a criterion for farmers who produce both rice and maize in the same season. We select 
maize as a comparison crop since it is the most important crop in the country based on its 
annual production level being far above that of other crops. After screening, the remaining 
sample data are used for estimating farmers’ attitudes toward risk, and the impact thereof on 
production. To do this, a three-step linked procedure is proposed: individual farmers’ 
characteristics influence their risk attitudes, which in turn influence crop yield levels and, 
therefore, size of area planted. Risk attitudes may directly influence farmers’ decisions regarding 
area planted. However, we consider that it is more reasonable that acreage decisions are based 
on yield and/or output price levels, which are assumed to be influenced by risk attitudes. A 
similar approach is used in Weersink et al. (2010); they estimate an expected yield by using 
forecast climate conditions, and take the predicted expected yield and its variance, along with 
output price-related variables, into an acreage function. Therefore, for this part of study we 
propose the following three functions: 
 
Risk attitude function: Risk attitudes (   ) are determined by exogenous variables of 
farmers’ individual characteristics ( 𝑧 ) 
Yield function:   Yield per acre ( Y ) is determined by the variable of risk attitudes 
predicted by the risk function (    ) and other farm characteristic 
variables ( 𝑠 ) 
Acreage function: Area planted ( A ) is determined by the variable of yield per acre 
predicted by the yield function (     ) and other variables 
constraining expansion of area ( 𝑐 ) 
 
 Considering possible correlations among explanatory valuables and error terms, and 
also between them, the methods of bivariate probit and seemingly unrelated regressions, 
together with ordinary least square regressions are used. After estimating parameters for each 
function model, elasticity of yield and acreage with respect to risk attitudes are calculated in 
order to know how rice yields and subsequently rice acreage can be increased.  
 
The data used for the entire study were collected over four years from 2009 to 2012. 
Coverage of sites for data collection differs from nationwide to district specific levels. With these 
variations, the whole picture of rice production systems and farmers involved in production can 
be grasped and analyzed in a comprehensive manner. 
 
1.4  Structure of the thesis 
The thesis is organized as follows. This part, Chapter 1, gives an overview of the entire research 
topic, its sub-divided parts with their targets and objectives, and the analytical framework to 
achieve the conclusion: a suggestion for an effective system to increase rice production in 
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Uganda. The research procedures that detail the first part of the research using nationwide 
survey data are described in Chapter 2, along with results on environment, land, and farmers. 
Chapter 3 uses almost the same data and methods as Chapter 2 and, therefore, provides no 
detail on research procedures. It focuses on results related to varieties and yield. Chapter 4 
analyzes the second part of the entire research, that is, data from the Namulonge area aimed at 
revealing NERICA’s impact. Chapter 5 is the third part of the research, which uses the data from 
two districts, Kyankwanzi and Iganga. It gives the procedure and results of the research, 
focusing on the relationship between farmers’ risk attitudes and yields, and consequently area 
planted. All chapters discuss the results of each part, and examine closely common results as 
well as discussions in the literature. 
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Chapter 2 
 
Environment and Cropping Structure  
of Rice Production 
 
 
2.1  Introduction 
Rice is not a traditional staple crop in Uganda as well as in other East African countries, but its 
importance has recently been increasing rapidly both as a staple food in people’s diet and as a 
source of income for farmers, in particular for smallholders who constitute the majority of 
countries’ population. Recognizing its importance, the governments in the region, including the 
government of Uganda, joined the Coalition for African Rice Development (CARD), which was 
formed in 2008 aiming at doubling rice production in sub-Saharan Africa in 10 years and thereby 
increasing food-security and income of smallholders. In 2010, the Regional Rice Research and 
Training Centre was established at the National Crops Resources Research Institute (NaCRRI) 
in Uganda with the aim to train farmers, extension agents and researchers and conduct research 
on appropriate rice technologies.  
In spite of such policy efforts towards increasing rice production, however, investigation 
into grass-root reality is not sufficient. In Uganda, on one hand, two rounds of agricultural 
household survey recently conducted by the government in 2005/06 and 2008/09 (UBOS, 2007, 
2011) for the first time reported statistics on area under rice production and rice yields at the 
district level and above, but provided no details at the field level. On the other hand, earlier 
reports based on farm-level surveys have provided information on rice production at field level in 
sampled rice growing areas, but not on the nationwide scenario (Kijima et al., 2006, 2008, 2011; 
Lodin et al., 2009; Fujiie et al., 2010a). As a result, there has been a dearth of adequate 
information on the diffusion and pattern of rice production in the country. This information gap is 
addressed in this chapter, based on a nationwide survey. We look into how rainfed rice farming 
has evolved in Uganda, how diverse it is in different regions of the country, and what type of 
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farmers adopts it.  
 
2.2  Materials and methods 
A nationwide survey on rice growing farmers conducted by NaCRRI in collaboration with the 
Africa Rice Centre under a project entitled “Strengthening the Availability and Access to Rice 
Statistics for Sub-Saharan Africa: A Contribution to the Emergency Rice Initiative” provided the 
data analyzed in this chapter. Sample farmers from whom we obtained information were drawn 
by applying the following stratified random sampling: (1) We grouped rice growing areas into five 
regions, i.e., North, East far, East near, Central and West, (2) randomly selected three rice 
growing districts in each sample region, (3) randomly selected two rice growing sub-counties in 
each sample district, (4) randomly selected two rice growing parishes in each sample sub-county, 
and (5) randomly selected 20 rice growing farm households in each sample parish.
3
  
 The survey period was from August to November 2009 using two sets of questionnaire: 
The first set including questions on rice cultivation in the 2007 second season and the 2008 first 
season and the second set including questions on plots planted to non- rice crops. The total 
number of farmers interviewed is 1,267,
4
 of which 10 farmers, or 0.8%, grow rice on farm land 
with irrigation.
5
 Excluding these irrigated rice farmers and those with missing data, the data of 
1,014 farmers who grew rice either in rainfed upland or in rainfed lowland were used in analysis.
6
 
The locations of our sample districts are shown in Figure 2.1 and the numbers of our sample 
rainfed rice farmers by region and district are presented in Table 2.1.  
As mentioned in the section of analytical framework, considering the purpose of this 
chapter only simple statistical tests for sample means (Student’s t-test and multiple comparison), 
are used. Throughout this chapter, the significance levels for these statistical tests adopted are 
5%. For multiple mean comparisons, both Scheffe and Tukey tests are employed.  
 
2.3  Results and Discussion 
2.3.1  Geographical distribution of rainfed rice farming and its evolution  
Many authorities have divided Uganda into several agro-ecological zones, based on different 
approaches to the demarcation of edapho-climatic conditions and soil types. One way of zoning 
which divides Uganda into 9 zones 
7
 is presented in Table 2.2, together with corresponding 
farming systems and major traditional crops grown in each farming system prior to the “rice 
boom” begun in the early 2000s. Our sample districts belong to North Western Savannah 
                                                   
3 
Rice growing large scale, estate farms were not included in our population.
 
4 
The number of farmers interviewed is more than
 
1200, because some supplementary samples drawn as 
backup samples were interviewed in some sample regions / districts.
 
5  
The percentage share of irrigated rice farmers of our sample is lower than that 2% reported in 
Balasubramanian et al. (2007).
 
6
 Even for these sample farmers there are missing data for some information items, so depending on what 
respect of rice farming we look into, we use sub-samples of this entire sample. 
7
 Actually 10 zones, but Para Savannah Zone is combined with North Western Savannah Grasslands in Table 
2.2 (MAAIF, 2010). 
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Grasslands (NWSG), North Eastern Savannah Grasslands (NESG), Western Savannah 
Grasslands (NWSG), Kioga Plains (KP) and Lake Victoria Crescent (LVC).  
 Rainfed rice cultivation in Uganda is found almost all over Uganda, except for the 
northeastern corner of pastoral area and the southwestern corner of dry farming and pastoral 
area (Table 2.2 and Figure 2.1). The agro-ecological zones where rice cultivation is practiced are 
the zones where average annual rainfall is more than 1,000 mm. There are three agro-ecological 
zones associated with two farming systems where rainfall is too low to grow rice. The last 
agro-ecological zone in Table 2.2, Highland Ranges (Montane system), has sufficient rainfall, but 
the climate there is too cold to grow rice. 
 As shown in Table 2.2, rice appears in NESG or Lango system as one of major 
‘traditional’ crops. Even there, “rice production … is gaining economic importance” in around 
2000 (Musiitwa and Komutunga, 2001; 224). In no other zones and systems was rice mentioned 
at all as a major crop. This observation stems from the fact that rice (Oryza sativa) is not a 
traditional crop in Uganda. In fact, our survey reveals that rainfed rice cultivation began in the 
1960s,
8
 spread gradually through the 1990s and gained its momentum at around the turn of the 
century (Figure 2.2). The spurt of the diffusion in the early 2000s and the rapid growth thereafter 
are impressive. The early 2000s was the time when NERICA varieties were introduced and 
disseminated eagerly. Figure 2.2 shows that the introduction of NERICA triggered the ‘rice boom’ 
in Uganda. However, not only NERICA but also other rice varieties have been supporting this 
‘rice boom’, as shown in the right-hand chart of Figure 2.2.  
 The left-hand chart of Figure 2.2 shows that among the agro-ecological zones where 
upland rice cultivation is pervasive, KP has the oldest history in rainfed rice cultivation, followed 
by LVC, NWSG, WSG and NESG in that order. The first record of rice planting among our 
sample farmers was 1968 by a farmer in KP (Kumi District), followed by another farmer in KP 
(Soroti) in 1974. The first planting in other zones was 1976 in LVC (Mukono) and NWSG (Gulu), 
1979 in WSG (Hoima) and 1982 in NESG (Lira). If annual compound growth rate of the number 
of plots planted to rice is computed after 2000, it is 31% for WSG and NWSG, 23% for NESG, 
16% for LVC, 14% for KP, and 18% for the entire sample.
9
 The order of zones in terms of the 
speed of the diffusion is nearly inverted that of planting history, reflecting a fact that upland rice 
cultivation in the zones with an older history had been in progress even before 2000. Thus, 
NERICA had a particularly strong impact in creating the ‘rice boom’ in such zones as WS and 
NWSG where rice had been nearly non-existent prior to the introduction of NERICA. However, 
                                                   
8 
There are three possible dates of introduction of rice into the country, as shown in the preface of this thesis. 
The first one could be towards the end of 19
th
 century, the second is in the early 20
th
 century (Biggs, 1940) and 
the third is during the World War II (McMaster, 1962), but in each time, its cultivation shrunk almost to nothing 
after some years. FAO (2013) shows that rice cultivation in Uganda picked up again in the late 1960s, which is 
consistent with our observation.
 
9
 Note that this growth rate is obtained from farmers who plant rice at the time of our survey and hence 
overestimates the actual rate of increase in area planted to rice. To estimates the actual rate of increase, it is 
necessary to take into account farmers who had once adopted but stopped rice cultivation. Kijima et al. (2011) 
found that substantial number of farmers who had once tried NERICA stopped planting it.  
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growth rates of more than 10% year
-1
 of the ‘older’ rice growing zones are considerably high.    
 
2.3.2  Rainfed rice farming: Upland and lowland 
Rainfed rice farming can be divided broadly into rainfed upland cultivation and rainfed lowland 
cultivation. Here, lowland and upland are defined respectively as cultivated fields with or without 
standing water in the fields while growing crops. Lowland paddy fields are usually encircled by 
bunds or ridges. This distinction, however, is not as clear-cut in Uganda as in the countries in 
Asia.  
Except for the mountainous and cattle corridor zones in eastern and south western 
Uganda, the typical landscape all over the country is gently undulating topography, in which hills 
and slopes with wetland at the shallow inland valley bottom repeatedly appear as sea waves. 
Farmers grow various crops on these hill tops, slopes and valley bottoms, the selection of which 
depends heavily on soil moisture content at various parts of this topography (Fujiie et al., 2010b). 
In the zones with sufficient rainfall and temperature, rainfed rice cultivation can be practiced at 
the lower part of the slopes and / or the valley bottoms, where the soil is relatively moister than in 
the upper parts. In case rice is planted on the slopes, it is on upland with few exceptions of 
terraced lowland. In case it is planted on the valley bottoms under hydromorphic conditions, it is 
usually on lowland. There lies a wide spectrum land types between the typical lowland and 
upland. For example, lowland paddy fields with no bunds/ridges are fairly common in Uganda. 
For the categorization of farm fields, we recorded the farmers’ report in accord with their 
perceptions of the upland and lowland categories.  
Given this background caveat, Table 2.3 presents the distribution of rice plots between 
upland and lowland by agro-ecological zone. For the entire sample, the upland and lowland ratio 
was about 40:60. There is, however, a clear regionality in the ratio: it was 80:20 in WSG and 
NWSG, 20:80 in KP and LVC, and NESG in between. The comparison of Table 2.3 and Figure 
2.1 makes this regional pattern clear: If we draw a demarcating line diagonally from south-west 
to north-east dividing the country into nearly equal halves, rainfed upland cultivation dominates 
in the western side of the line whereas rainfed lowland cultivation dominates in its eastern side.  
 
2.3.3  Rice farmers, land and the cropping pattern 
This sub-section observes what sort of farmers rainfed rice farmers are, in terms of their 
household characteristics, land holdings, land tenure and cropping pattern.  
 
Household characteristics: On average for the entire sample, rice farmers were around 40 
years old, having the educational level of junior high school background, living in their villages 
more than 30 years, and with 7 family members of whom about 3 members were children 
between 6 and 15 years old (Table 2.4). Ten percent of them were female-headed household 
and crop cultivation was their main economic activity for more than 90% of them. These 
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household characteristics are quite comparable to those of rainfed rice farmers in the earlier 
studies conducted in various parts of Uganda (Kijima et al., 2006, 2008, 2011; Fujiie et al., 
2010a).   
  For many of the characteristics, there was no significant difference between upland and 
lowland farmers and among agro-ecological zones (Table 2.4). For instance, female-headed 
household ratio and number of children between age 6 and 15 were uniform, as far as their 
means were concerned, among zones as well as between upland and lowland. No difference 
was found for the years living in the same village and the number of family members between 
upland and lowland. It is interesting to observe that upland rice farmers tended to be older, with 
higher education and with higher probability to have economic activities other than crop 
production, than lowland rice farmers. In other words, lowland rice farmers could be more 
dependent on crop cultivation than upland farmers who have to seek some income opportunities 
for their livelihood other than crop cultivation compared to their lowland counter parts.  
Looking at the mean differences among the zones, farmers in LVC tended to have 
distinct characteristics compared to farmers in other zones: On average they were more 
educated, shorter history in residing in their villages, less specialized to crop production and with 
smaller family size than farmers in other zones. This observation can largely be explained by the 
fact that LVC is the zone which is comprised of the most urbanized and developed areas in the 
country, including the Kampala metropolitan areas. 
 
Land holdings: For the entire sample, rainfed farmers cultivated on average 3.8 farm land plots 
for various crops including rice, the total area of which was 5.1 ac (2.1 ha) (Table 2.5). The 
average cultivated area per farmer in our sample is nearly comparable to that of rainfed upland 
rice farmers in districts situated in the western side of the demarcating line explained earlier 
(Kijima et al., 2006, 2008, 2011; Fujiie et al., 2010a), but larger than the average cultivating size 
of the entire agricultural households in the country estimated from the recent two rounds of 
national household survey (UBOS, 2007, 2011).  
 The number of plots and the cultivated area per farmer were larger for upland farmers 
than for lowland farmers, but the differences were both not statistically significant. Among zones, 
the average cultivated area as well as the number of plots was significantly larger for rice 
farmers in NWSG. The same pattern was observed for rice farmers in NESG, but their average 
number of plots and the average size were not significantly different from those of WSG, LVC 
and KP. 
 The size distribution of land area cultivated by the sample farmers is shown in Table 2.6. 
Three distinct features can be discerned. First, both for upland and lowland rice farmers, the 
majority of them were smallholders: For both types, around 70% of farmers belonged to the 
three smallest size classes. Second, the small-size of rainfed rice farmers was relatively more 
distinct for lowland: The mode of the distribution was the 0.8-1.6 ha size class for lowland, while 
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it was the 1.6-2.4 ha size class for upland. Third, upland and lowland alike, the size distribution 
in terms of area had the second peak for the largest size class: For both land types, 2% of 
farmers controlled as much as 15% of cultivated land. Such size distributions are not specific to 
our sample. UBOS (2007) found similar distributional patterns for the entire agricultural 
households in the country. It is also the case for upland rice farmers in Namulonge, which is 
presented in Chapter 4 in this paper.  
 
Land Tenure: Sample farmers’ land tenure is summarized in Table 2.7 by zone. Land tenure in 
Uganda is a complicated and unsettled issue with a long historical background (Place and 
Otsuka, 2002, Batungi, 2008, Kyomugisha, 2008). The present 1995 constitution specifies 
freehold system as a desirable land tenure system while recognizing four tenure systems that 
have been enduring since the colonial period: Mailo, customary, freehold and leasehold (Batungi, 
2008: 233). Mailo is a land tenure system created by the British colonial administration in the 
territory of Buganda Kingdom when the Buganda Agreement was signed in 1900, in which the 
kabaka (king) and his chiefs were given the ownership of land under their controls. In 
subsequent years in the 1900s, all traditional lands in Uganda outside Buganda kingdom were 
converted to crown lands, and traditional land tenure systems, mostly owned and controlled by 
communities (clans and families), were recognized as customary tenure. Leasehold system, 
though not large in extent, was also introduced by the colonial administration to lease out public 
lands under long-term contracts (usually 99 years) to individuals/institutions such as 
missionaries. The history of land tenure in Uganda since then until the present time has been to 
convert mailo and customary tenure to freehold system. 
 In this study, we categorize land tenure systems into three: Owner, mailo/ customary 
and leasehold. “Owner” includes freehold (with land title) and private mailo (de fact freehold, 
without land title), and “mailo/customary” are the traditional systems not subject to the 
formalization process yet. “Leasehold” includes not only the traditional long- term leasehold 
system but short-term spontaneous contracts between farmers. For the entire sample, 50% of 
the plots fell in the category of owner, 40% of mailo/customary and 5% of leasehold (Table 2.7). 
It is interesting to see that for the plots planted to rice the share of mailo/customary tenure was 
larger than that of owner. It should also be noted that leasehold system was more frequently 
found for plots panted to rice than for plots planted to non-rice crops. Clear regional differences 
are found in farmers’ land tenure. The percentage share of owner, or the formalized systems, 
was higher in LVC, KP and WSG, whereas that of mailo/customary tenure, or the traditional 
systems, was higher in NESG and NWSG.  
Another interesting finding in this table is that in WSG and LVC, the share of leasehold 
system was substantially larger for rice plots than for plots planted to other crops. This difference 
would be attributed to the fact that in these zones many farmers tried to plant rice by renting 
plots from other farmers under short-term leasehold arrangements, as also found for rainfed 
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upland farmers discussed later in Chapter 4. This observation, coupled with the observation that 
the share of leasehold was larger in the zones where the formalization of land tenure systems 
were advanced, suggests that the modernization of land tenure systems from the traditional 
systems to the freehold system helps rapid diffusion of rice cultivation.   
 
Cropping pattern: As already explained, rainfed farmers plant rice as one of many crops they 
grow. For the entire sample, the share of plots devoted to rice in the total cropped plots was 30%, 
followed by maize, cassava, sweet potato and other crops (Table 2.8). This confirms in a 
country-wide scale the findings of Lodin et al. (2009) in WSG and Chapter 4 in this paper in LVC 
that rainfed rice farmers on average dedicated around one third of their cultivated land to rice.  
The cropping patterns by agro-ecological zone shown in this table reflect well the 
farming systems shown in Table 2.2. For example, the shares of banana and coffee were high in 
LVC and WSG where the banana-coffee system or the banana-coffee-cattle system prevailed, 
and the shares of millet, sorghum and sesame were relatively high in the northern zones. The 
fact that the weight that rice took in the cropping patterns of rainfed rice farmers was about 
one-third of total cultivated area indicates that rice is deep rooted in the cropping pattern of 
rainfed farming in Uganda. This weight was higher for lowland than for upland, suggesting that 
the importance of rice was higher for lowland rice farmers than for their upland counterparts. 
 
Area Planted to Rice: The 1,014 rice farmers in our sample altogether cultivated 1,299 rice 
plots, the total area of which was 654 ha. These figures stand for plots and areas planted to rice, 
either in the 2007 2
nd
 or 2008 1
st
 seasons, or in both. The proportions of farmers who planted 
rice, and plots and areas planted to rice in each season are presented in Table 2.9, together with 
their rates of change between the two seasons.  
Overall, 77% of the sample farmers planted rice in the 2007 2
nd
 season, whereas 93% 
did so in the 2008 1
st
 season. Similarly, the ratios of the number and area of rice plots to the total 
number and area of farm plots, respectively, were substantially higher in the 2008 1
st
 season 
than in the 2007 2
nd
 season. Farmers’ decision whether to plant rice in a certain season depends 
on various factors, of which rainfall would be the most decisive (Fujiie et al., 2010 b). The 
average rainfall was more in the 2007 2
nd
 season (July – December 2007) than in the 2008 1st 
season (January – June 2008) for all the five sample zones. As far as rainfall is concerned, 
therefore, there was no reason for farmers to plant rice less in the 2007 2
nd
 season than in the 
2008 1
st
 season. Table 2.9 shows the rate of increase in rice planting by about 20% for the 
number of farmers and plots and by nearly 80% for area. Even excluding NWSG,
10
 which shows 
very high rates of change, the rates of increase were 17%, 20% and 26% for farmers, plots and 
                                                   
10
 Although the rainfall in the 2007 2
nd
 season was higher than in the 2008 1
st
 season on average for NWSG, it 
was exceptionally lower in the 2007 2
nd
 season for Masindi, one of the sample districts in NWSG, which might 
have caused the low rate of rice planting in the 2007 2
nd
 season in this zone. For all other sample districts, the 
rainfall in the 2007 2
nd
 season was higher than, or comparable to, that in the 2008 1
st
 season. 
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areas, respectively. The rate of 17% season
-1
 for the number of farmers who planted rice is 
higher than our earlier estimate of 18% year
-1
 for the period of 2000-2009.  
Table 2.10 shows the average number of plots and area planted to rice per farm for 
2007-08.
11
 An average rice farmer planted rice to 1.3 plots, the area of which was 1.5 ac (0.6 
ha), which is nearly one-third of the mean farm size (Table 2.5). No significant difference is found 
for the number of plots and area planted to rice between upland and lowland. Among 
agro-ecological zones, area planted to rice per farm and area per rice plot had also no significant 
difference, but the number of rice plots per farm was greater in WSG and LVC than in NWSG 
and KP.  
The size distribution of land area planted to rice has a pattern similar to that of 
cultivated land area, albeit with much smaller size classes (Table 2.11 compared to Table 2.6). 
For both upland and lowland farms, nearly 70% of farmers planted rice in the area smaller than 
the average planted area of 1.5 ac (0.6 ha), indicating that rice is a crop preferred by 
smallholders.  
 
2.4  Conclusions 
It is found in this research that rainfed rice cultivation in Uganda began in the 1960s in Kioga 
Plains, followed by Lake Victoria Crescent, but its diffusion accelerated at around the turn of 
century when NERICA (New Rice for Africa) was introduced to the agro-ecological zones with 
annual rainfall of 1,000 mm or more. The growth rate of rainfed rice cultivation from 2000 to 2009 
was 14% year
-1
 in the lowest zone and as high as 31% year
-1
 in the highest zone. Rainfed 
upland cultivation dominates in western to northwestern parts and rainfed lowland cultivation 
dominates in the other eastern side of the country. 
Rice was grown predominantly by smallholders. Upland and lowland alike, the mean 
farm size was 2 ha, and the farm size of about 70% of farmers was below the mean. For both 
upland and lowland rice farmers, rice cultivation was deep rooted, around one-third of their 
cultivated area being devoted to it. The cropping patterns of upland and lowland rice farmers 
were similar, though the dependence on rice was slightly higher for lowland than for upland 
farmers. Rice was a crop of more importance in areas where the traditional customary tenure 
systems still maintained, and the incidence of leasehold land tenure was higher for rice 
cultivation than for other crops.  
  
                                                   
11
 For farmers planted rice both in the 2007 2
nd
 and the 2008 1
st
 seasons, the average of the two seasons was 
taken. For those planted rice in one of the two seasons, the number of plots and area were counted as they 
were. 
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Figure 2.2.  Number of plots planted to rice first time
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Figure 2.1.  Agro-ecological zones in Uganda and sample districts
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Fig.  2.2.  Number of plots planted to rice first time by 
agro-ecological zone and by variety
By zone
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North: 215 271
Lira NESG 67 92
Gulu NWSG 82 96
Apac KP 66 83
East far: 235 239
Soroti KP 76 76
Kumi KP 78 82
Pallisa KP 81 81
East near: 166 282
Butaleja 2) KP 20 43
Iganga KP 82 120
Bugiri LVC 64 119
Central: 183 230
Mukono 3) LVC 71 87
Wakiso LVC 63 73
Luwero 4) WSG 49 70
West: 215 277
Hoima WSG 73 124
Kamwenge WSG 74 76
Masindi NWSG 68 77
Total 1014 1299
3) Include a part of Kayunga district.
4) Include a part of Nakaseke district.
2) Include a part of Tororo district.
1) Agro-ecological zones in Uganda are as follows: North Eastern Savannah Grasslands
(NESG), North Western Savannah Grasslands (NWSG),  Western Savannah Grasslands
(WSG),  Koga Plains (KP) and Lake Victoria Crescent (LVC).
Table 2.1.  Numbers of sample farm households and rice plots by region and district
Agro-ecological
zone 1)
No. of households
No. of
rice plots
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Agro-ecological zone 1) Farming system 2) Major districts 3) Major crops grown 4)
Rainfall 5)
 (mm year-1)
North Western Savannah
Grasslands (NWSG) 6)
Northern and West Nile
systems
Gulu
Masindi
Cotton, millet, sorghum,
legumes, sesame
1,016 (Gulu)
1,345 (Masindi)
North Eastern Savannah
Grasslands (NESG)
Teso System
Soroti
Kumi
Pallisa
Cotton, millet, ground nut 1,350 (Soroti)
Iganga
Tororo
Butaleja
Lake Victoria Crescent
(LVC)
Wakiso
Mukono
Jinja
Bugiri
South Western Farmlands
Pastoral Rangelands
North Eastern Dry lands
Karamoja pastoral
system
Kotido
Moroto
Cattle, sorghum, maize,
millet
657  (Kotido)
Highland Ranges Montane system
Kabale
Sironko
Sorghum, solanun
potato, vegetables,
coffee, maize, wheat
1,456 (Mbale)
2) Farming systems are adapted from Musiitwa and Komutunga (2001) and Mwebaze (2011).
3) Our sample districts are in bold letters.
4) Major traditional crops / livestock in respective farming systems until around the year 2000.
Table 2.2.  Agro-ecological zones and farming systems in Uganda and the sample zones and sample districts
6) Include Para Savannah Zone.
Western banana-coffee-
cattle system
Masindi
Hoima
Kamwenge
Luwero
Lango system
Lira
Apac
Kioga Plains (KP)
Banana-cotton-millet
system
Dairy cattle, millet,
sorghum
896 (Ibanda)
1) From MAAIF (2010).  Zones in bold letters are our sample zones.
5) Long-term averages, though the years over which the averages are taken differ from an observatory to another.  The names of observatory
points are in parentheses.   Most data are originally from the Meteorological Department of Uganda, but some are from Musiitwa and
Komutunga (2001).
Cassava, maize, millet,
sesame, rice
Banana, coffee, maize,
sweet potato, beans,
vegetables, flowers
1,465 (Lira)
1,556 (Tororo)
1,308 (Kampala)
1,216 (Namulonge)
1,228 (Jinja)
1,128 (Mukono)
Banana, coffee, maize,
cattle
1,345 (Masindi)
1,475 (Kyenjojo)
South western pastoral
system
Mbarara
Bushenyi
Western Savannah
Grasslands (WSG)
Banana-coffee system
Banana, cotton, millet,
sorghum, maize
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Zone Upland(%) Lowland(%) Total
WSG 81 19 100
NWSG 81 19 100
NESG 34 66 100
LVC 24 76 100
KP 21 79 100
Total 43 57 100
Table 2.3. Distribution of rice plots by agro-ecological zone and by land type,
2007-2008 1)
1) For 1,299 plots, consisting of 559 upland and 740 lowland plots.
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Table 2.4.    Farmers' household characteristics by land type and by agro-ecological zone 
1)
Variable
No. of
HHs
Land type 4)
Upland 368 45.1 a 2.8 a 11.7 a 34.5 a 85.9 a 7.4 a 2.7 a
Lowland 523 39.6 b 2.6 b 8.8 a 32.8 a 95.0 b 7.4 a 2.8 a
Zone
WSG 185 44.2 a 2.5 a 10.8 a 31.4 a 90.8 ab 7.2 ab 2.5 a
NWSG 122 41.7 ab 2.5 a 9.0 a 29.9 a 91.0 ab 7.2 ab 2.7 a
NESG 53 43.2 ab 2.5 ab 9.4 a 41.3 b 96.2 ab 7.7 ab 3.3 a
LVC 168 42.6 ab 3.1 b 11.9 a 30.8 a 85.1 a 6.8 a 2.5 a
KP 363 40.3 b 2.6 a 9.1 a 36.6 b 93.7 b 7.7 b 2.9 a
All 891 41.9 2.7 10.0 33.8 91.2 7.4 2.8
2) Average over the numbers allocated to the following categories: no formal education=0, pre-primary=1, primary=2,
junior=3, Ordinary level=4, Advanced level=5, tertiary institution after O-level=6, tertiary institution after A-level=7,
university=8
4) Farmers growing rice in upland or in lowland. Farmers who grow rice both in upland and lowland are categorized
into one of the two types according to which type of land is larger.
3) The years living in the village of present domicile.
1) For 891 farmers for whom data are available. For each characteristc, the means followed by the same alphabet
are not statistically different.
Head age
(year)
No. of children
between 6 and
15 years
Years in
village3)
Head
education
(category)2)
Female
headed HH
(%)
HH with crop
production as
main activity (%)
No. of total
family
members
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ha farm-1
Land type
Upland 4.0 a 5.5 a 2.2
Lowland 3.7 a 4.8 a 2.0
Zone
WSG 3.1 a 3.6 a 1.5
NWSG 5.0 b 7.2 b 2.9
NESG 4.0 a 6.4 ab 2.6
LVC 3.7 a 3.8 a 1.5
KP 3.4 a 4.7 a 1.9
ALL 3.8 5.1 2.1
Table 2.5.  Number of plots and total cultivated area per farm by land type and by agro-
ecological zone, 2007-2008 1)
1) For 521 farmers, 215 upland and 306 lowland, for whom data are available.  The
means followed by the same alphabet are not statistically different.
Total cultivated areaNumber of plots
No. farm-1 ac farm-1
Variable
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No.(%) Area(%) No.(%) Area(%)
- 2ac (0.8ha) 14 2 20 4
2-4 (0.8-1.6) 24 11 34 17
4-6 (1.6-2.4) 28 22 21 19
6-8 (2.4-3.2) 15 17 8 11
8-10 (3.2-4.0) 5 8 7 11
10-12 (4.0-4.9) 5 10 1 3
12-14 (4.9-5.7) 3 6 2 5
14-16 (5.7-6.5) 2 4 3 8
16-18 (6.5-7.3) 2 5 1 4
18-20 (7.3-8.0) 0 1 1 2
20ac (8ha) - 2 15 2 15
Total 100 100 100 100
Table 2.6. Size distribution of farmers' cultivated area by land type, 2007-20081)
Lowland
Size class
1) For 521 farmers, 215 upland and 306 lowland, for whom data are available.
Upland
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Parameter
Owner2)
(%)
Mailo/customary
 tenure(%)
Lease-hold3)
(%)
Others4)
(%)
Total
(%)
WSG 59 31 7 3 100
Rice 50 34 13 2 100
Other crops 66 28 2 3 100
NWSG 27 70 1 2 100
Rice 22 71 2 5 100
Other crops 30 69 1 1 100
NESG 5 85 0 10 100
Rice 4 86 0 10 100
Other crops 6 84 0 10 100
LVC 67 22 8 3 100
Rice 52 29 15 4 100
Other crops 77 18 3 2 100
KP 66 18 5 11 100
Rice 63 17 4 16 100
Other crops 66 19 6 9 100
Total 50 39 5 5 100
Rice 41 44 8 7 100
Other crops 57 36 3 5 100
4) Include 'unknown.'
Table 2.7.  Distribution of sample plots by land tenure status and by agro-ecological zone, 2007-2008 1)
1) For 1,765 plots for which data are available.
2) Freehold and private mailo.
3) Include both long-term lease and short-term, spontaneous leasehold arrangements.
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Upland Lowland WSG NWSG NESG LVC KP
Distribution (%) 100 100 100 100 100 100 100 100
Rice 30 25 33 30 19 34 31 30
Maize 14 14 13 19 9 10 11 20
Cassava 12 13 11 10 15 13 11 12
Sweet potato 7 8 7 6 7 5 7 10
Sorghum 4 4 4 1 8 4 2 4
Millet 3 3 3 0 5 6 1 3
Beans 5 6 4 4 8 11 3 1
G-nut 4 5 4 5 8 0 2 5
Banana 3 3 3 5 0 0 7 4
Coffee 5 4 7 13 0 0 14 4
Sesame 3 4 3 1 11 3 0 0
Tomato 1 1 1 1 1 0 2 2
Others 8 10 7 5 10 15 10 4
1) For 521 farmers for whom data are available.
All
Agro-ecological zoneLand type
Table 2.8.  Percentage shares in total cultivated area of crops grown by rainfed rice farmers by land
type and by agro-ecological zone,   2007-2008 
1)
Parameter
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No. of
farmers(%)
No. of
plots
(%)
Area
(%)
No. of
farmers(%)
No. of
plots
(%)
Area
(%)
No. of
farmers(%)
No. of
plots
(%)
Area
(%)
Land type
Upland 70 67 66 90 87 98 129 130 148
Lowland 83 79 79 95 93 92 114 117 117
Zone
WSG 82 78 72 91 90 93 111 115 128
NWSG 48 47 45 91 90 93 189 191 209
NESG 73 68 77 93 90 99 127 132 128
LVC 73 70 65 89 86 90 123 124 139
KP 89 85 87 96 93 94 108 109 107
All 77 74 74 93 90 94 120 122 128
2007 2nd season Rate of change (2008/2007)2008 1st season
Table 2.9. Parcentage shares of farmers who planted rice, and plots and area which were planted to rice,
in 2007 1st and 2008 2nd seasons by land type and by agro-ecological zones 
1)
1) For the entire sample of 1,014 farmers with 1,299 rice plots, or 654 ha, which were planted to rice either in the 2007 2nd
season or in the 2008 1st season, or in both.
Variable
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ha farm-1
Land type
Upland 1.3 a 1.3 a 1.5 a 0.6
Lowland 1.2 a 1.2 a 1.4 a 0.6
Zone
WSG 1.4 a 1.2 a 1.6 a 0.7
NWSG 1.2 b 1.2 a 1.3 a 0.5
NESG 1.4 ab 1.1 a 1.5 a 0.6
LVC 1.4 a 1.0 a 1.5 a 0.6
KP 1.2 b 1.2 a 1.5 a 0.6
All 1.3 1.2 1.5 0.6
1) For 1,013 farmers, excluding an extremely large farmer (52 ha) in NESG.  The means
followed by the same alphabet are not statistically different.
Table 2.10.  Number of plots and area planted to rice per farm by land type and by
agro-ecological zone, 2007-2008 1)
Number of plots Rice planted area
No farm-1 ac farm-1
Area plot-1
ac plot-1
Variable
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No. Area No. Area
- 0.5ac (0.2ha) 3 1 3 1
0.5-1 (0.2-0.4) 18 7 17 7
1-1.5 (0.4-0.6) 43 29 45 28
1.5-2 (0.6-0.8) 11 11 11 11
2-2.5(0.8-1.0) 12 16 11 14
2.5-3 (0.8-1.2) 4 7 2 3
3-4(1.2-1.6) 4 8 5 9
4-5 (1.6-2.0) 2 6 2 5
5-10(2.0-4.0) 1 5 2 8
10-20 (4.0-8.0) 0.2 2 0.3 2
20ac (8ha) - 0.5 8 0.2 12
Total 100 100 100 100
Size class
Table 2.11.  Size distribution of land area planted to rice per farm by land type,
2007-2008 (%) 1)
1) For 1,014 farmers.
Upland Lowland
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Chapter 3   
 
Production and Productivity of  
Rice farming 
 
 
3.1  Introduction 
Uganda has experienced ‘rice boom’ since the turn of the century when a series of NERICA 
varieties were introduced as explained in the previous chapter. With increasing importance of 
rice becoming a part of a daily diet for urban residents and generating income for especially 
small scale farmers, several interventions from the government and donor agencies aiming at 
rice development has also been carried out. Following the previous chapter, which gave an 
overview as to how rainfed rice farming evolved in Uganda, how diverse it was in different 
regions of the country, and what categories of farmers adopted it, this chapter, using the same 
data, looks into how farmers in Uganda grow rice under rainfed conditions in various 
agro-climatic zones, how rainfed rice cultivation performs in terms of yield, and what factors 
determine the yield.  
 
3.2  Materials and Methods 
The data used in this chapter are the same as the previous chapter, as mentioned, collected by 
a nation-wide survey on rice growing farmers conducted by NaCRRI in collaboration with the 
ARC. For the reminder purpose, the following is mentioned. The interviewed farmers are 1,267 
in number, out of which excluding those with missing and / or unreliable information, the 
remaining 1,014 farmers who grew rice either in rainfed upland or in rainfed lowland were used 
in analysis. The locations of our sample districts are shown in Figure 2.1 in the previous chapter, 
and the distribution of a total of 1,267 farmers by agro-ecological zone and district are presented 
in Table 3.1, with a classification different from Table 2.1 of Chapter 2. In this chapter, we look 
into the regionality in rice farming in terms of agro-ecological zones: Western Savannah 
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Grasslands (WSG), North Western Savannah Grasslands (NWSG), North Eastern Savannah 
Grasslands (NESG), Lake Victoria Crescent (LVC) and Kioga Plains (KP). This order of the 
zones is the order of the degree that upland rice cultivation dominates, shown in Chapter 2, and 
the zones are arranged in this order in the tables that follow in this chapter.  
 Same as in Chapter 2, the major purposes of this chapter was also to show the 
regionality of rainfed rice farming in Uganda, only simple statistical tests for sample means (t-test 
and multiple comparison) were used, together with humble regression analyses. Throughout the 
chapter, the significance levels for these statistical tests adopted were the 5% level or higher. 
For multiple mean comparisons, both Scheffe and Tukey tests were tried out and the more 
conservative test, i.e., less rejections of the null hypothesis of equal means at the 5% 
significance level, was adopted. For identifying the determinants of rice yield, rice yield functions 
of the following linear form were estimated by applying the regression method: 
 
 Y =  𝛽0 + ∑ 𝛽𝑖𝑋𝑖
𝑘
1  + 𝑢                    
 
where Y = rice yield (kg ha-1), 𝑋𝑖  = explanatory variables, 𝑢  = error term and 𝛽 ’s are 
parameters to be estimated. The details of explanatory variables are explained when the 
estimation results are presented.  
 
3.3  Results and Discussion 
3.3.1  Yield 
Rice yield per ha of the sample farmers is shown in Table 3.2. For the entire sample, the average 
rice yield per ha was 1.8 t in the 2007 2
nd
 season, 1.9 t in the 2008 1
st
 season and 1.8 t for the 
average of the two seasons. Reflecting the fact that rainfall was more than the required level of 
500 mm per season (NaCRRI, undated) in both the seasons for all the agro-ecological zones 
(Table 3.1),
12
 there was no statistically significant difference in the yield between the two 
seasons not only for the entire sample but also in the yield by land type and by agro-ecological 
zone, except for lowland for which the yield in the 2008 1
st
 season was significantly higher than 
in the 2007 2nd season. In this study, unless otherwise noted, we focus our attention on the 
average yield of these two seasons 
 Compared to earlier studies, the yield levels of our sample farmers were lower than 
those of rainfed upland farmers in central and western Uganda found by Kijima et al. (2006, 
2008, 2011) and in central Uganda by Miyamoto et al. (2012), but higher than those of rainfed 
upland farmers in northern Uganda by Fujiie et al. (2010). The UBOS Agricultural Household 
Survey of 2008/09 gives the rice yield per ha of 2.5 t for the entire farmers growing rice in the 
country, including both rainfed and irrigated cultivation, but this is the average over 1.6 t for 
Western, 1.7 t for Northern, 0.8 t for Central and 3.6 t for Eastern regions (UBOS, 2011). Except 
                                                   
12
 There are a few sample districts where rainfall per season was less than 500 mm. 
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Eastern region where irrigated rice cultivation dominates, the yield levels of our sample farmers 
in 2007/08 are comparable to or higher than those in 2008/09 reported by UBOS. 
 Reflecting unstable growing conditions inherent in rainfed cultivation, the variation in 
rice yield was very large: Even for the 2007-08 averages, the variation measured by the 
coefficient of variation (CV) was as high as 76% for the entire sample (Table 3.2). For the 
variation within a season, the highest variation is found in NESG for the 2008 2
nd
 season, which 
was 109%. Even with such large variations, the yield difference between upland and lowland 
was statistically significant. For yield level, the agro-ecological zones were divided into two 
groups with statistically significant differences: High-yield zones consisting of WSG and LVC and 
low-yield zones of NWSG and KP. NESG is included in both groups because of its large yield 
variation. 
 
3.3.2  Varieties 
Varieties that rainfed rice farmers planted are summarized in Table 3.3.
13
  Although farmers 
used various rice varieties, there were two prominent varieties; Nerica 4 for upland and Supa for 
lowland. Nerica 4 was planted on 64% of total upland rice plots and Supa on 50% of total 
lowland rice plots. Other varieties of some importance were Sindano, Superica, Nerica 1 & 10 for 
upland and Kaiso and Nerica 4 for lowland. Compared to upland, lowland found more number of 
varieties. Reflecting differences in the weights of upland and lowland among the agro-ecological 
zones, the diffusion of varieties had strong regional biases: Nerica 4 in the upland dominating 
zones and Supa for the lowland dominating zones.  
Within such a broad pattern, however, some more differences are observed among the 
zones. Of the upland dominating zones, the concentration on Nerica 4 was more distinct in WSG 
than in NWSG, and the variety of second importance was Superica in WSG and Sindano in 
NWSG. Of the lowland dominating zones, the concentration on Supa was distinct in NESG and 
KP but not so in LVC, and Kaiso was a relatively important variety in NESG and LVC. It should 
be noticed that LVC, and KP at a much lesser extent, had variety lists very different from other 
zones, in which other lowland varieties, including such varieties as Benenego, Kyabukooli and 
Pakistan, which were rarely found in other zones, took large shares.
14
  
According to the yield level, rice varieties are grouped into two: High-yield-variety group 
including Kaiso and ‘other lowland varieties’ and low-yield-variety group including Nerica 4, Supa 
and Sindano. Superica, Nerica 1&10 and ‘other upland varieties’ are included in both groups 
because of their large yield variations. The average yield per ha of high-yield-variety group was 
2.2 t, while that of low-yield-variety group was 1.6 t, with the difference of 0.6 t per ha. To what 
extent such differences in rice yield among varieties were due actually to the variety per se shall 
                                                   
13
 The historical evolution of these varieties is shown in Figure 2.2, Chapter 2. 
14
 Within LVC, farmers who adopted other lowland varieties were exclusively concentrated in Bugiri District 
where a large scale estate of more than 1,000 ha grew rice not only in its large farm but also through contract 
farmers.  
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be analyzed at the end of this chapter, together with other factors such as land type, 
agro-ecological zone, production input and land tenure. 
 
3.3.3  Production inputs 
Seeds, fertilizers and chemicals: Amount of seeds, fertilizers and chemicals (herbicides) 
applied by sample farmers are summarized in Table 3.4.  
The average quantity of seeds applied per ha was 89 kg for upland and 96 kg for 
lowland, with no statistical difference between them. This level of seed intensity is nearly twice 
as much as the recommended level of 50 kg ha
-1
 (20 kg ac
-1
; NaCRRI, undated), but fairly 
comparable to the level for rainfed upland rice cultivators found in an earlier study (Miyamoto et 
al., 2012). Eighty five percent of rice farmers take seeds from their own produce, the original 
sources of which are fellow farmers (60%), public sources such as donor organizations that 
implement rice promotion projects (20%) and other sources including the purchase of 
companies’ seeds (20%). 
 It has been observed that few farmers in Uganda apply fertilizers and chemicals in rice 
cultivation (Kijima et al., 2006, 2008, 2011; Fujiie et al., 2010). It is the case for our sample 
farmers as well. The percentage of plots applied with fertilizers was 14% for upland and 7% for 
lowland. The same percentage for chemicals (herbicides) was 15% and 12%, respectively. The 
average quantity applied by the farmers who applied them was 53-59 kg ha
-1
 for fertilizers and 
6-7 litters ha
-1 
for herbicides, the levels of which were comparable to those of rainfed upland rice 
farmers in central Uganda (Miyamoto et al., 2012). The most popular fertilizer was urea, applied 
by 53% of fertilizer users, followed by DAP and NPK with the share of 25% and 7%, respectively. 
For herbicides, 50% of herbicide adopters used Butanyl 70, 15% 2,4-D, 11% Satunil and 9% 
Weed Master. It should be noted that for upland, no significant yield difference was observed 
between farmers who applied fertilizers or herbicides and those who did not, but for lowland, 
fertilizer or herbicide adopters attained significantly higher yields than non-adopters (Table 3.4).  
 Not only the number of farmers who used fertilizers or herbicides was few but also their 
distribution had clear regional biases (Table 3.5). Most of fertilizer or herbicide adopters were 
found in LVC and WSG, and in NWSG at much lesser extent, while very few or no adopters were 
found in NESG and KP. It is interesting to observe that although the use of herbicides was more 
popular than the use of fertilizers in these fertilize-herbicide using zones, farmers who applied 
herbicides tended to apply fertilizers as well or vice versa.  
 
Labor: Rice is a labor intensive crop. Some previous studies support a hypothesis that rice is a 
pro-smallholder crop (Kijima et al., 2008; Lodin et al., 2009; Miyamoto et al., 2012). A major 
source from which this pro-smallholder characteristic is derived is the labor-using nature of rice 
cultivation. Table 3.6 that summarizes labor inputs for rice production per ha is consistent with 
these earlier findings. For the entire sample, the average labor intensity was 332 person-days 
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ha
-1
. Comparing to other rice growing regions in the world, such a level of labor intensity can be 
said highly intensive (Barker et al., 1985). Tasks that absorbed a lot of labor were land 
preparation (50 days), weeding (80 days), harvesting and threshing (60 days) and bird scaring 
(90 days). The patterns of labor use by task were quite similar between upland and lowland and 
so were the dependency rates on hired labor which were about one-third for both land types. 
 However, labor intensity varied greatly from a region to another (Table 3.7). The 
agro-ecological zones were clearly demarcated into highly labor intensive zones (WSG and 
LVC), medium labor intensive zone (KP) and less labor intensive zones (NWSG and NESG). 
The labor intensity of the highly intensive zones was more than 400 person-days, more than 
twice as high as that of the less intensive zones, though the labor intensity of 200 person-days 
ha
-1
 in the less intensive zones is still high according to the international standard. Such large 
differences in labor intensity between the highly and less intensive zones were brought about 
mainly by the differences in labor needs for land preparation and bird scaring. In the less 
intensive zones, including KP, the use of cattle plowing in land preparation was fairly common 
(Musiitwa and Komutunga, 2001) and land preparation by tractor was found in some parts of 
these zones. In contrast, in the highly intensive zones, land preparation was done fully manually 
using hand hoes and farm hatchet. It appears that bird damages were less serious in the less 
intensive zones, not including KP, than in the highly intensive zones.  
Table 3.7 also provides labor intensity by variety, for most popular Nerica 4 and Supa. 
Nerica 4 is an early maturing variety that needs 120 days before harvest, while Supa needs 150 
days to be harvested, one month longer than Nerica 4. In spite of a large difference in the 
duration for rice plants being in the fields, there was no significant difference in the labor 
requirements between these varieties.  
 
3.3.4  Disposal of rice output 
Rice produced by farmers is sold out to the market, consumed at home and kept as seeds for 
following seasons (Table 3.8). Reflecting the fact that rice is a cash crop for farmers, the 
percentage share of rice sold out to the market was as high as 70% for the entire sample. In 
addition, some amount of rice was kept at home for future sale seeking a better price in the 
market. Therefore, the share of rice consumed at home was at most 24%, and 6% was kept as 
seeds. Such a pattern of rice disposal is consistent with the pattern found in UBOS (2011). 
 The share of rice output sold out was significantly higher for upland farmers than for 
lowland farmers. Among the agro-ecological zones, the propensity to sell was highest in WSG, 
suggesting that the nature of rice as a cash crop was highest there. The lowest propensity to sell 
was found in LVC, which is not consistent with the findings by UBOS (2011) that farmers in the 
central region dispose of a quite large share of their rice output in the market. This anomaly may 
be explained by the large share of rice output kept at home in LVC, which should include a bulk 
of rice that farmers store for future sales.  
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Another observation in Table 3.8 is about the form farmers sell their rice output. For the 
entire sample, the quantity of rice produce sold in the form of paddy rice was slightly larger than 
the quantity sold in the form of milled rice. However, there was a contrasting pattern in this 
respect between upland and lowland: Upland rice farmers tended to sell their rice more in paddy 
and the opposite was the case for lowland rice farmers. Among the agro-ecological zones, rice 
was sold by farmers mostly in the form of paddy in WSG, NWSG and NESG and the other way 
around in LVC and KP. Such contrasting patterns may suggest that rice milling services were 
better developed in the zone with a longer history of rice cultivation such as KP or the zone with 
closer proximity to the large urban markets such as LVC than in the zones with a shorter history 
of rice cultivation and situated far from the market centers such as WSG, NESG and NESG.  
 
3.3.5  Production structure and income 
The cost structure of and farmers’ income from rice production are estimated in Table 3.9. Rice 
output is evaluated at the farm-gate before milling process and factor payments include 
accordingly factor inputs spent in the production process from land preparation to transporting 
paddy output to farm-gate. In case rice output needs to be evaluated, we assume UGX 1,000 
(US$ 0.60) per kg for the price of paddy rice. All paid out costs, i.e., the costs for current inputs 
and hired labor, are valued at prices prevailing in the respective markets during the study period. 
Family labor inputs are evaluated at their respective market wage rates. For fixed capital, such 
as foe and other farm instruments, and land, no imputation is made, so that the returns to these 
inputs are included in farmers’ operator surplus.  
For the entire sample, the factor share of current inputs was 7%. Therefore, the gross 
value-added ratio was 93%, indicating that rice cultivation generated UGX 2.07 million 
(US$ 1,300) of gross income for every hectare planted to rice. Labor took the largest factor 
share of as much as 70%. Subtracting costs for current inputs and labor from the gross value of 
output, 23% was left to farmers as operator’s surplus, which consisted of returns to land and 
fixed capital and profit. Farmers’ income from rice production, obtained by subtracting paid-out 
costs from the gross value of output, was UGX 1.44 million (US$ 850) ha
-1
, or 65% of gross 
output. These factor shares of and farmer’s income from rice production obtained from our 
sample farmers are remarkably similar to those reported in Kijima et al. (2008). Reflecting the 
higher yield per ha, operator’s surplus and farmer’s income were larger for lowland rice farmers 
than for upland rice farmers, but the production structure was essentially the same for upland 
and lowland rice cultivation.  
 
3.3.6  Determinants of rice yield 
Finally, let us examine what factors affect to rice yield per ha by estimating the yield function. For 
explanatory variables, the factors explained thus far in Chapter 2 and this chapter were tried out; 
production inputs (seeds, fertilizers, chemicals and labor), rainfall (total rainfall for the period 
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from July 2007 to June 2008), land types (upland), farm sizes (large farmer), agro-ecological 
zones (LVC), varieties (Nerica 4), and land tenure systems (owner). Of these variables, 
production inputs and rainfall are continuous variables, and all the rest are dummy variables, for 
which the bases, i.e., the categories set to be zero, are shown in the parentheses above.  
The robust regression method was applied to two sets of observations; one consisting 
of the entire sample of 1,299 observations, and the other that was a sub-set of the entire sample 
consisting of the observations for which the information on land tenure system of farmers’ rice 
plots was available (n = 632). The robust regression method was adopted in order to deal with 
the heteroscedasticity in the residuals. The results of the estimation are summarized in Table 
3.10 for the two sets of observations and for the explanatory variables that give regression 
coefficients statistically significant at the 5% level or higher. Note that among the production 
inputs tried out, chemicals and labor did not give any significant coefficient so that they are not 
included in the regression equations shown in Table 3.10. 
First, let us look at Regression [1] for the entire sample. It reveals that rainfall was a 
significant determinant of yield; an increase in annual rainfall of 1 mm increased rice yield by 
about 0.6 kg ha
-1
. This means that an increase in rainfall of 1 mm per season increased rice yield 
by about 1.2 kg ha
-1
. Although it is a matter of course for rainfed rice cultivation that rainfall is a 
critical determinant of yield, our result is the first attempt to quantify its impact in Uganda using 
farm-level data.  
Of the variables related to production inputs, seeds and fertilizers gave significant 
positive impacts on the unit yield. An increase of 1kg ha
-1
 of seeds resulted in an increase in rice 
yield of about 6 kg ha
-1
, which is fairly comparable to the finding of Miyamoto et al. (2012) for 
rainfed upland farmers in central Uganda. In the case of fertilizer, a 1kg ha
-1
 increase in the 
application brought about an increase in the yield of about 8 kg ha
-1
. Farmers who used 
fertilizers applied about 55 kg per ha (Table 3.4), of which urea took the largest share of 53%. 
Even if we assume that all the fertilizers used were urea, an increase in nitrogen application of 1 
kg ha
-1
 resulted in an increase in rice yield of about 17 kg ha
-1
. Since the prices of paddy and 
nitrogen were UGX 1,000 (US$ 0.60 kg
-1
) and UGX 5,000 (US$ 3.00) kg
-1
, respectively, the 
application of fertilizer increased profits substantially. As a nitrogen response to rice yield, 
however, this rate of response is less than the nitrogen response found by Miyamoto et al. 
(2012). 
 The yield of lowland plots was significantly higher than that of upland, by about 0.2 t 
ha
-1
. Note this result was obtained under the condition that other factors, such as rainfall, 
production inputs, size of farmer, region and variety planted, were controlled. This result, 
therefore, confirms that, ceteris paribus, rainfed lowland, because of its better capacity to sustain 
soil moisture, offers a better growing condition for rice than rainfed upland. As for size of farmer, 
we categorized farmers whose cultivated land is less than 2ha as small farmers. The 
demarcation size of 2 ha is the average total cultivated area held by rainfed rice farmers in 
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Uganda explained in Chapter 2. The coefficient of small farmer dummy is positive and significant, 
indicating that the yield of small farmers was higher than that of large farmers by about 0.2 t ha
-1
. 
This result provides an additional evidence to support the proposition that rice is a crop of 
pro-smallholder nature (Kijima et al., 2008).  
As shown in the previous chapter, among the agro-ecological zones, the yield was 
significantly higher in WSG and NWSG than in other zones, showing a good potential for 
growing rainfed rice in these upland dominating zones. It should be reminded that on average 
rice yield was highest in WSG, but lowest in NWSG (Table 3.2). When other factors, such as 
rainfall, type of land and variety, were controlled, rice yield in NWSG was estimated to be 
significantly higher than in other zones except for WSG.  
Among varieties, Kaiso, Sindano and ‘other lowland varieties’ had significant 
coefficients, negative for Sindano and positive for the other two. Not only ‘other lowland varieties’ 
but also Kaiso are lowland varieties mostly planted to lowland (Table 3.3). Such results seem to 
indicate that the yield performance of rainfed lowland cultivation in which low-yielding Supa 
dominates could be improved by introducing Kaiso and ‘other lowland varieties’ and the 
cultivation practices associated with these varieties. For upland rice varieties, no superior one in 
terms of yield performance was found. Nerica 4, the major upland variety, performed significantly 
better than Sindano, but cannot be distinguished from other upland varieties in terms of the unit 
yield. Being relatively high yielding (though not statistically significant) in the ‘low-yield-variety 
group’ which consists of upland varieties (Table 3.3), it is critical for enhancing the yield 
performance of rainfed upland cultivation to increase the yield of Nerica 4 in the average farmers’ 
fields to the level attained in advanced farmers’ and experiment stations’ fields through 
improving the cultivation practices.   
 Regression [2] for the smaller sub-set of the entire sample gives quite similar results as 
Regression [1] for rainfall, seeds, fertilizers, lowland, small farmer and WSG, indicating that the 
sub-set shares essentially the same regression structure as the entire sample has (Table 3.10). 
Important results revealed by Regression [2] are that rice yield per ha was significantly less for 
the plots under mailo/customary tenure systems, and significantly more for the plots under 
leasehold tenure system, than the plots under freehold /private mailo tenure systems. This 
finding is contrary to the finding by Place and Otsuka (2002) in that they found no difference in 
productivity in crop farming among different tenure systems.  
For the inefficiency of the traditional tenure systems relative to the formalized tenure 
systems, we do not have any information at hand that decisively explains why it arises. It might 
be due to the difference in how clearly the ownership of land is defined: Under the traditional 
customary tenure and mailo systems, it is loosely defined being associated with communities, 
clans and families, while it is more clearly defined as a property right of individual persons under 
the formalized tenure systems such as freehold and private mailo. It must be a research issue of 
top-priority to clarify the mechanism that brings about this inefficiency, since its implication, i.e., 
40 
 
the modernization of traditional tenure systems may work in favor for improving productivity in 
crop farming, should have a far-reaching importance not only for rainfed rice farming in particular 
but also for crop farming in general.  
For the better efficiency of the leasehold system over the owner-operator (freehold and 
private mailo) system, too, we do not have a decisive explanation. Theoretically, these two 
systems are predicted to have the same production efficiency (Hayami and Otsuka, 1993). A 
possible reason for the better efficiency of the leasehold system may be sought in the fact 
explained in Chapter 2 that, under the ‘rice boom,’ many farmers, and quite a few people with 
non-farm professions, wanted to start rice farming by renting land from other farmers under the 
leasehold system; they may possess some advantages over ordinary farmers in such respects 
as farming technology, entrepreneurship and capability to raise capital funds. This point, 
however, is also left for future studies to be elucidated more precisely.   
 
3.4  Conclusions 
Using a nationwide survey of rice growing farmers in Uganda, we examined in this chapter how 
farmers grow rice under rainfed conditions in various agro-ecological zones, how rainfed rice 
cultivation performs in terms of yield, and what factors determine the yield. We found that the 
average yield per ha was 1.8 t ha
-1
 for the entire sample, 1.7 t ha
-1
 for rainfed upland and 1.9 t 
ha
-1
 for rainfed lowland, the difference between the land types being statistically significant. 
Nerica 4 and Supa were the two major varieties planted by rainfed rice farmers, the former in 
upland and the latter in lowland. High seeding rate, low fertilizer and chemical application and 
high labor intensity characterized rainfed rice cultivation in Uganda, though distinct regionality 
existed in fertilizer and chemical application and labor intensity, reflecting differences in 
agro-climatic conditions, soil fertility and traditional farming technology, such as land preparation 
with draft animals. The high marketed ratio of rice produce also characterized rice farming in that 
rice was an important cash crop for farmers. On average, the gross value-added ratio of rice 
production was 93% and the farmers’ income ratio was 65%. 
 The estimation of yield functions revealed that rainfall, the amount of seeds and 
fertilizers applied, lowland and small farmers were positive determinants of rice yield per ha, that 
the potential for high yield existed in Western Savannah Grasslands and North Western 
Savannah Grasslands, and that Kaiso and some minor lowland rice varieties revealed better 
yield performance among lowland varieties than such popular varieties as Nerica 4 and Supa. It 
also revealed that rice plots under the traditional tenure systems yield significantly less, and 
those under the leasehold system yield significantly more, than rice plots under such formalized 
land tenure systems as freehold and private mailo.  
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July-Dec.
2007
Jan.-June
2008
Total
WSG 196 270 934 580 1,513
Luwero 3) 49 70 1,041 805 1,847
Hoima 73 124 880 467 1,347
Kamwenge 74 76 880 467 1,347
NWSG 150 173 735 512 1,247
Gulu 82 96 1,096 515 1,611
Masindi 68 77 374 508 882
NESG 67 92 1,010 509 1,518
Lira 67 92 1,010 509 1,518
LVC 198 279 897 677 1,573
Mukono 4) 71 87 1,041 805 1,847
Wakiso 63 73 752 548 1,300
Bugiri 64 119 735 861 1,596
KP 403 485 702 592 1,294
Apac 66 83 1,010 509 1,518
Butaleja 5) 20 43 735 861 1,596
Iganga 82 120 504 677 1,180
Soroti 76 76 655 502 1,157
Kumi 78 82 655 502 1,157
Pallisa 81 81 655 502 1,157
Total 1,014 1,299 855 574 1,429
3) Include a part of Nakaseke district. 
4) Include a part of Kayunga district. 
5) Include a part of Tororo district.
2) The rainfall from July 2007 to December 2008.  Data are of the Meteorological Department of Uganda. The
rainfall of districts where there is no weather observatory is substituted for by the rainfall of the most
adjacent district.
1) Agro-ecological zones: Western Savanna Grassland (WSG), North Western  Savanna Grassland
(NWSG),  North Eastern Savanna Grassland (NESG),  Lake Victoria Crescent (LVC) and Kyoga Plains
(KP)., arranged in the order of the dominance in rainfed upland rice cultivation relative to rainfed lowland rice
cultivation among the sample farmers.
Table 3.1.  Numbers of sample farm households and rice plots, and rainfall, by region and district
Agro-ecological
zone 1)
No. of
farmers
No. of rice
plots
Rainfall in 2007-2008 (mm) 2)
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Yield
(t ha-1)
CV(%)
Yield
(t ha-1)
CV(%) CV(%)
All 1.8 89 1.9 82 ns 1.8 76
Land type
Upland 1.7 74 1.7 85 ns 1.7 a 73
Lowland 1.8 96 2.0 80 * 1.9 b 77
Agro-ecological zone
WSG 2.1 93 2.2 72 ns 2.1 a 67
NWSG 1.7 74 1.6 78 ns 1.6 b 74
NESG 1.5 95 1.9 109 ns 1.6 ab 85
LVC 2.0 81 2.1 86 ns 2.0 a 77
KP 1.5 87 1.7 77 ns 1.6 b 75
3) For plots which were planted to rice in the both seasons, the yields are simple averages over the two
seasons, and for plots which were planted to rice only in one of the two seasons, the yields of the season
are taken.  The yields followed by the same alphabet are not statistically different at the 5% level.
Table 3.2. Rice yield per ha by season, by land type and by agro-ecological zone1)
Differrence2)
2) T-test for the mean difference between the 2007 2nd and the 2008 1st seasons; *=significant at the 5%
level, ns=not significant.
2007 2nd season 2008 1st season 2007-08 average3)
Yield
(t ha-1)
Parameter
1) For 1,299 plots. CV stands for the coefficient of variation.
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Upland Lowland WSG NWSG NESG LVC KP
Nerica 4 32 64 7 69 53 20 26 9 1.8 a
Supa 29 2 50 0 2 51 10 61 1.5 a
Kaiso 7 1 11 0 0 16 19 4 2.2 b
Sindano 6 8 4 0 40 4 0 1 1.5 a
Superica 5 8 4 16 1 0 5 3 2.3 ab
Nerica 1&10 4 9 1 9 3 7 3 3 1.6 ab
Other lowland varieities 13 2 21 3 1 0 30 14 2.3 b
Other upland varieties 4 7 2 2 1 2 7 5 1.6 ab
Total 100 100 100 100 100 100 100 100 1.8
(No. of plots) 1,299 559 740 270 173 92 279 485
1) For 1,299 plots.
2) 2007-2008 average yield. The yields followed by the same alphabet are not statistically different at the 5% level.
Table 3.3.  Rice varieties planted by land type and by agro-ecological zone, and yield per ha by variety,
2007-2008 
1)
All
Agro-ecological zone(%)Land type(%) Yield 2)
(t ha-1)
Varieties
1,299
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No. (%)
Seeds
Upland 559 89 a 1.7 a
Lowland 740 96 a 1.9 b
Fertilizers
Upland 559 100
Not applied 481 86 0 1.6 a
Applied 78 14 59 1.7 a
Lowland 740 100
Not applied 691 93 0 1.8 a
Applied 49 7 53 2.6 b
Herbicides
Upland 559 100
Not applied 473 85 0 1.6 a
Applied 86 15 6 1.8 a
Lowland 740 100
Not applied 653 88 0 1.8 a
Applied 87 12 7 2.7 b
1) For 1,299 plots.  The means followed by same alphabet are not statistically different at the
5% level.
(kg ha-1) (t ha-1)
Quantity
appliedParameter
Number of plots
Table 3.4.  Average amount of seeds, fertilizers and herbicides applied, 2007-2008 1)
(L ha-1)
Yield
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Parameter
Total plots
(No.)
Plots applied with
fertilizer (%)
Plots applied with
herbicide (%)
Plots applied with
both (%)
WSG 270 14 24 12
NWSG 173 6 8 5
NESG 92 0 0 0
LVC 279 19 31 14
KP 485 5 1 1
Total 1,299 10 13 6
Table 3.5. Percentage of plots applied with fertilizers and /or herbicides by agro-ecological zone,
2007-2008
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days ha-1 % hired days ha-1 % hired days ha-1 % hired
Clearing 18 39 12 38 15 39
Slash and burn 2) 9 40 6 44 7 42
Plowing 40 35 25 34 31 35
Seeding / transplanting 24 23 15 28 19 26
Seed guarding 11 38 5 39 7 40
First weeding 45 26 45 24 45 25
Second weeding 30 28 32 26 31 27
Third weeding 6 48 8 45 7 47
Chemical application 6 47 5 69 6 59
Bird scaring 77 30 96 38 90 34
Harvesting 36 23 42 24 39 24
Threshing 20 25 19 26 19 25
Drying 6 21 6 24 6 22
Transport 7 30 12 35 10 33
Total 333 30 328 32 332 31
1) For 1,014 farmers for whom data are available.
2) Include residue spreading.
Table 3.6.  Labor inputs for rice production per ha, by task, 2007-2008 1)
Upland
Parameter
Lowland Average
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Upland Lowland
Zone
WSG 418 415 418 a
NWSG 206 138 196 b
NESG 247 225 232 b
LVC 506 403 432 a
KP 246 363 349 c
Variety 2)
Nerica 4 382 - 382 a
Supa - 363 363 a
Table 3.7.  Total labor inputs per ha by agro-ecological zone and by
variety, 2007-2008 1)
2) Nerica 4 planted to lowland (n=46) and Supa planted to upland (n=5) are
exculded for small number of observations.
Average
1) For 1,014 farmers for whom data are available. The means followed by the same
alphabet are not statistically at the 5% level.
days ha-1
Parameter
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In paddy In milled rice 
 Land type
Upland 6 22 55 17 72 a 100
Lowland 6 26 25 44 68 b 100
 Zone
WSG 5 16 63 16 79 b 100
NWSG 5 24 51 20 71 a 100
NESG 8 21 69 3 72 ab 100
LVC 6 32 13 49 62 c 100
KP 5 26 25 44 69 a 100
 All 6 24 37 33 70 100
2) Obtained as residual.  Include stored for future sale as well as consumed at home.
Table 3.8.  Disposal of rice output by land type and by agro-ecological zone, 2007-2008 1)
1) For 1,057 plots for which data are available. The percentage shares of total sold out followed the same
alphabet are not statistically different at the 5% level.
Total
Sold out
Total
Kept at
home 2)
(%)
Kept as
seeds
(%)
Parameter
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UGX000 (%) UGX000 (%) UGX000 (%)
Rice output 1 2,217 100 2,012 100 2,365 100
Factor payment
  Current inputs 2 149 7 152 8 148 6
    Seeds 123 6 120 6 126 5
    Fertilisers 10 0 16 1 6 0
    Herbicides 16 1 16 1 16 1
Labor 3 1,559 70 1,613 80 1,604 68
    Family 935 42 968 48 962 41
    Hired 4 624 28 645 32 642 27
Operator's surplus 5=1-2-3 509 23 246 12 613 26
Farmer's income 6=1-2-4 1,444 65 1,214 60 1,576 67
ALL Upland Lowland
1) For 1,014 farmers.  The official exchange rate for July 2007 to June 2008 was US$ 1.00 = UGX 1,700 on average.
Parameter
Table 3.9.  Factor payments, factor shares and farmers' income in rice production per ha, 2007-2008 1)
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Coef. Prob. Coef. Prob.
Continuous variables
Rainfall (mm year-1) 0.602 0.001 0.675 0.000
Seeds (kg ha-1) 5.65 0.000 6.64 0.002
Fertilizers (kg ha-1) 7.88 0.000 7.51 0.000
Dummy variables
Lowland 243 0.008 277 0.012
Small farmer 165 0.027 271 0.008
WSG 573 0.000 575 0.004
NWSG 380 0.006
Kaiso 420 0.039
Sindano -343 0.036
Other lowland varieities 542 0.000
Mailo/Customary tenure -247 0.011
Leaseholder 885 0.007
Intercept 381 0.123 465 0.087
R2 (adjusted)
Table 3.10.  Results of estimation of yield function1)
2) A sub-sample consisting of observations for which the information about land tenure of the
rice plots is available.
[2][1]
0.106 0.160
1) Yield (kg ha
-1
) is regressed on the explanatory variables. The robust standard error was adopted in
order to deal with the heteroscedasticity in the residuals
Explanatory variable
N=1,299 N=632 2)
51 
 
 
 
Chapter 4   
 
Contribution to Income Generation 
through Rice Production  
 
 
4.1  Introduction 
A decade has passed since the advent of NERICA, which was heralded as a principal agent to 
bring about a rice Green Revolution in sub-Saharan Africa (SSA) (Otsuka and Kalirajan, 2006). It 
was expected that NERICA, a series of high-yielding upland rice varieties developed by the 
West Africa Rice Development Association (WARDA; now the Africa Rice Centre) would 
alleviate rural poverty and enhance food security in SSA (WARDA, 2002; Rosegrant and Cline, 
2003; Kaneda, 2007). Even in East Africa where rice is not a traditional staple crop, NERICA has 
been introduced and diffused rapidly in the last decade. It is particularly so in Uganda, the 
country where the Regional Rice Research and Training Centre (RRRTC) has been active in 
disseminating NERICA technology in East African countries.  
After 10 years of diffusion, it is an appropriate time to evaluate how NERICA has been 
accepted by farmers in their multiple cropping system and what impacts it has given to the 
household income of farmers, particularly of smallholders. Because of its high yielding nature 
and rapid diffusion, NERICA has attracted a lot of attention by researchers and policy makers, 
and therefore the literature on NERICA has been accumulated (Kijima et al., 2006, 2008, 2011; 
Diagne et al., 2009; Dibba, 2010; Fujiie et al., 2010a, 2010b; Dontsop-Nguezet et al., 2011). 
Given the wide diversity of upland farming practices in the region, it is important to conduct 
follow up research as much as possible to assess how far we can generalize the findings in 
earlier studies that indicate NERICA has high yield in farmers’ fields and decreases poverty to a 
significant extent without deteriorating income distribution in rural areas. In particular, there was 
a tendency for earlier studies to focus their attention specifically on NERICA production so that 
how upland farmers adopted NERICA as one of the crops in their cropping system has been 
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grossly under-reported. 
The purpose of this chapter is twofold: First, to demonstrate how NERICA was 
introduced into an upland farming system, based on a series of field surveys conducted in 
villages around Namulonge in Central Uganda, where the National Crops Resources Research 
Institute (NaCRRI) of Uganda and the RRRTC are situated, and, second, using the same data 
set, to examine how the adoption of NERICA in the farming system affected farmers’ income.  
 
4.2  Materials and methods 
4.2.1  Data collection 
The selection of study area: We selected two sub-counties (Local Council 3; LC3), Busukuma 
and Zirobwe, as our study area in and around Namulonge. Busukuma sub-county consists of 39 
villages (LC1) in 8 parishes (LC2) and Zirobwe of 43 villages in 8 parishes. Namulonge is one of 
the Parishes in Busukuma sub-county. The selection of these sample sub-counties was 
purposive. Firstly, the study area in Central Uganda is a typical upland area where favorable, if 
not the best, agro-climatic conditions for growing NERICA are provided. Secondly, being near to 
the center of research on and dissemination of NERICA, some farmers in the study area 
participated in on-farm testing and began to adopt it as soon as NaCRRI began NERICA 
research, which provides us with a history of NERICA cultivation long enough to study its 
impacts. Thirdly, the two sample sub-counties, though one is in Wakiso District (LC5) and the 
other in Luwero District, being adjacent each other within a 15-km radius, belong to the same 
contiguous farming area with a similar history of NERICA cultivation.  
 
Field Surveys: To obtain information on farming in general and NERICA production in particular, 
we conducted field surveys at two levels, one for village chairpersons and the other for village 
farmers. The purpose of the chairperson survey was to acquire information about cropping 
patterns and the extent and trend of NERICA adoption in each sample sub-county. Ten villages 
each were selected from two sample sub-counties based on information given in the respective 
sub-county offices, and the chairpersons of these villages were interviewed in early October 
2010 using a simple one-page questionnaire. 
 The main farmer survey was conducted in the sample sub-counties from mid- October 
to mid-November 2010, interviewing 75 farmers in 32 villages with a structured questionnaire 
containing questions about household characteristics, land holdings, NERICA planting history, 
all farming activities, and non-farm income. The selection of the farmers interviewed was not 
random sampling in the strict textbook sense, but they were drawn randomly, from the two 
sample sub-counties, in the sense that we interviewed the farmers randomly whenever they 
were available from among those who were known to us as NERICA adopters and NERICA 
non-adopters. The distribution of sample farmers, by status of NERICA adoption and by farm 
size class (explained in the next sub-section), is shown in Table 4.1.  
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We initially intended to interview 50 NERICA adopters and 25 non-NERICA adopters. 
Since five adopters did not plant NERICA in the last one year (the definition of NERICA adopter 
is given in the following sub-section), however, our sample farmers turned out to consist of 45 
adopters and 30 non-adopters. The resulting sampling ratio was 5.6% for NERICA farmer 
sample and 0.21% for non-NERICA farmer sample. It should be noted that the sizes of our 
samples, of the non-NERICA farmer sample in particular, are not large.  
 
4.2.2  Methods 
Farmer categories: In this chapter, we adopt two ways of farm household grouping. First, 
farmers are grouped into 2 types according to the adoption status of NERICA: NERICA farmers 
(adopters) who planted NERICA in the 2009 second season (September–February) and / or in 
the 2010 first season (March–August) and non-NERICA farmers who did not plant NERICA in 
these seasons. Some NERICA farmers planted some other rice varieties, but all of them planted 
NERICA, more than 95% of which was NERICA 4 (Miyamoto et al., 2012). None of non-NERICA 
farmers planted any variety of rice in the two seasons. The terms, NERICA (farmer) and rice 
(farmer), are therefore synonymous in this chapter and used interchangeably.  
The second criterion is the size of farmers’ land holding: Large farmers if their cultivated 
land area is 2 ha (5 ac) or larger and small farmers (smallholders) if less than 2 ha. The 
demarcation size of 2 ha is the average total cultivated area held by rainfed rice farmers in 
Uganda, shown in Chapter 2. Cultivated land area is defined à la agricultural area in FAOSTAT, 
including land under fallow and pasture land, though there is no pasture land in the study area. 
No estate / plantation type farm is found in the study area. 
 
Household income: Household income of sample farmers is estimated as the summation of 
farm income and off-farm income during one year from September 2009 to August 2010. Farm 
income consists of crop income and livestock income, and crop income consists of rice income 
and non-rice crop income.  
For rice production, farmers’ income was obtained by estimating factor shares in that 
rice output was evaluated at the farm-gate and factor payments include accordingly factor inputs 
used in the production process from land preparation to transporting paddy output to farm-gate. 
Factor inputs were grouped into current inputs, labor, fixed capital and land. For current inputs, 
such as seeds, fertilizers and chemicals, the factor payments were their market values in case 
they were purchased. Self-supplied seeds were evaluated by the price of paddy rice of UGX 
1000
 
(US$ 0.48) kg
-1
, the average farm- gate price of paddy rice for the two seasons under study. 
Family labor inputs were evaluated at their respective market wage rates, which varied from one 
labor task to the other, ranging from UGX 800 (US$ 0.38) hour
-1
 to UGX 1100 (US$ 0.52) hour
-1
, 
excluding the labor task of bird scaring for which the wage rate was UGX 130
 
(US$ 0.06) hour
-1
. 
The services of fixed capital hired, such as manual sprayer and plastic sheet used for paddy 
54 
 
threshing, were evaluated by their rental rates, and those owned by farmers, such as hoe, 
hatchet, rake, planting fork and harvesting knife, were evaluated first by estimating their 
depreciation costs per season by the linear depreciation method and second by prorating them 
to rice cultivation according to its share in the total planted area. The sample farmers used 
neither draft animal nor tractor for land preparation. Owned land was evaluated by the average 
leasehold rent during the study seasons, which was UGX 95,000 (US$ 45) season
-1
 ha
-1
. 
Farmers’ income from rice production was estimated by subtracting the value of current inputs 
and other factor payments for hired factor inputs from the total value of rice output. The 
exchange rate between US dollar and Ugandan Shilling used in this chapter is US$ 1.00 = UGX 
2,100, the average of the official exchange rate for 2009-2010.  
Farmers’ income from non-rice crop and livestock production was estimated in the 
same manner as for rice production. All farm products, regardless of sold out or consumed at 
home, are included in the estimation. For the off-farm income of family members, including the 
household head, wages and salaries were accounted as income as reported, and income from 
self-employed activities, such as trading, shop operation and manufacturing (brick making and 
liquor making), was estimated in the same manner as for farm income. All input and output 
prices used in this chapter are the average over the study period. 
 
Statistical analyses: For the first purpose of this chapter, the presentation of results is 
straightforward, not necessitating any statistical method but the t-test for mean differences. 
Throughout the chapter, the significance levels for statistical-test are indicated by using the 
following symbols; *, ** and ns, which stands for the 5%, 1% levels and not significant, 
respectively. For the second purpose, crop income functions are estimated as a method to 
examine the impact of NERICA adoption on farmers’ income. In general, farmer’s income 
function can be expressed as follows (de Janvry et al., 2010): 
 
  = 𝑓(𝑥, 𝑢, 𝑛(𝑧, 𝑣), 𝜀)              (1) 
 
where   is a farmer’s income, 𝑥 and 𝑢 are sets of observable and unobservable variables 
influencing  , 𝑛 denotes a status of NERICA adoption, 𝑧 and 𝑣 are sets of observable and 
unobservable variables influencing  𝑛, and 𝜀 is an error term. The endogenous problem would 
arise if 𝑢 and 𝑣 are correlated. A typical example of the correlation may be farmer’s ability: A 
farmer with high ability tends to obtain high income and therefore to adopt new technology, 
where 𝑛 and 𝜀 are not independent any longer. Unfortunately, it is not easy to control such 
endogeneity completely. In this chapter, we will examine the robustness of estimated parameters 
by comparing models with and without  𝑛, using the following regression equation formulated to 
estimate the impact of NERICA adoption and other observable farmers’ characteristics on their 
income: 
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 ln (Y) =  α + ∑ βi 
k
i=1 Xi + u       (2)   
 
where Y is total crop income per farmer (UGX 000 farm-1), Xi’s are explanatory variables, u is 
an error term and α and βi ’s are parameters to be estimated. For explanatory variables, 
household characteristics, NERICA farmer dummy, and either small farmer dummy or cultivated 
area (ha) were used. As the dependent variable, the logarithm of farmers' crop income was used 
to avoid the heteroscedasticity in the error terms. The estimation was made using the ordinary 
least squares method for all farmers using 69 observations, excluding 6 out of 75 sample 
farmers which also caused serious heteroscedasticity in the error terms, and for 50 small 
farmers, excluding 2 observations out of 52 for the same reason.  
 
4.3  Results and discussion 
4.3.1  Study area and characteristics of sample farmers 
Study area: The study area belongs to the agro-ecological zone of Lake Victoria Crescent, 
where undulating topography, in which gentle, wavy slopes with wetlands at the shallow valley 
bottom repeatedly appear, the typical landscape all over Uganda except for the mountainous 
zones of the East and West, covers throughout the zone. The agriculture system in sub-humid 
Lake Victoria Crescent has been known to be the banana-coffee system where plantain banana 
(Musa paradisiaca, etc.) as a main staple crop and coffee (robusta; Coffea canephora) as a 
major cash crop are grown among other various upland crops such as maize (Zea mays), sweet 
potato (Ipomoea batatas), cassava (Manihot esculenta), and beans (Phaseolus vulgaris). Close 
proximity to the markets in Kampala metropolitan area also makes this area a major production 
area of various vegetables and such livestock products as cow milk and chicken eggs. Though 
situated not far from Kampala, the study area still remains predominantly agricultural, with typical 
characteristics of upland farming areas in the country not only in terms of natural environments 
but also in terms of social conditions such as the access to rice mills and the markets. 
 The average annual rainfall in the study area is around 1300 mm and the average 
temperature is about 22°C with few fluctuations throughout the year, which provides favorable 
climatic conditions for growing various upland crops, including upland rice (NaCRRI, 2010). The 
rainfall pattern in the area is a typical bimodal one, with a peak in April-May and another peak in 
September-October, creating two distinct growing seasons in a year. Although such climatic 
conditions are ‘very suitable’ for NERICA growing (NaCRRI, 2010), rather sharp dry spells with 
little rain between the rainy seasons make this region the second best region for growing upland 
rice, next to some districts in the mid-Western and Northern Zones.  
 In the banana-coffee system, rice is not a traditional crop. In the past, the Government 
of Uganda has occasionally attempted, with assistances from foreign countries, to introduce 
upland rice as one of upland crops in the system, letting NaCRRI conduct field testing on the 
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feasibility of rice growing. Since a part of on-farm testing was conducted in farmers’ fields around 
NaCRRI, rice is not a totally unfamiliar crop for few, very limited number of farmers in the area. 
However, since these attempts before NERICA had been all short-lived, rice was an exotic crop 
for almost all farmers in the study area. It was in 2004 that NERICA was introduced into such an 
agricultural environment in the study area as a new crop. 
 
Household characteristics: The chairperson survey revealed that there were on average 
about 200 households in each village in sample sub-counties, of which about 95 % were farming 
households, and that about 5% of farmers were planting rice. The household characteristics of 
sample farmers are summarized in Table 4.2. Significant differences were found for many 
characteristics between large and small farmers, but not so many between NERICA farmers and 
non-NERICA farmers.  
 
Land holdings and land tenure: The size distribution and the average size of cultivated land 
holdings of sample farmers are shown on the left-hand side of Table 4.3. The average cultivated 
area was 2.7 ha (6.8 ac) for NERICA farmers and 2.3 ha (5.6 ac) for non-NERICA farmers, 
though the difference was not statistically significant. The distribution of land holding was far 
from even. For NERICA farmers, the small farmers, consisting of 62% of the entire NERICA 
farmers, controlled only 16% of their total cultivated land area, while 4% of the farmers 
cultivating 10 ha or more controlled 36% of the total area. The average size of large farmers was 
about 10 times as large as that of small farmers. Such land-holding distributions of our samples 
are relatively more unequal compared to the nationwide sample reported in Chapter 2. The Gini 
coefficient of the distribution is 0.61 and 0.64 for NERICA and non-NERICA farmers, respectively, 
while it is 0.46 for the nationwide sample.  
The farm land cultivated by sample farmers was mostly owned by the farmers 
themselves (Table 4.4). Seventy to eighty percent of sample farmers were owner operator 
whose cultivated land was all owned by themselves. The rest of cultivated land was borrowed 
from other farmers under a leasehold arrangement. For NERICA farmers, there were pure 
tenants cultivating only tenanted land of tiny size.  
Sample NERICA farmers as a whole cultivated 123 ha of farm land, including fallow 
land, consisted of 192 plots, giving an average plot size of 0.6 ha (1.5 ac) (Table 4.5). A plot is 
defined as a piece of land within a farmer’s land holding on which a specific crop or a crop 
mixture is grown (UBOS, 2010), or which is left fallow. Owned plots accounted for 91% of total 
number of plots and 94% of total land area cultivated by the farmers. In Table 4.5, plots are 
grouped into two; plots planted solely to rice or with some other crops, and plots planted to 
various crops without rice. For the rice-only plots, NERICA was generally planted continuously 
season to season either without any inter-cropping, or with some non-rice crops in rotation. For 
plots planted to rice with other crops, NERICA was planted on a part of the plots as a 
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single-standing crop, continuously as on the rice-only plots or under some rotation systems with 
other crops. Of the total plots, plots all or a part of which were planted to NERICA accounted for 
28% in number and 18% in area. For small farmers, these shares were 37% and 47%, 
respectively, which are comparable to those found by Lodin et al. (2009) and Chapter 2 in this 
paper. 
For all crop plots of the sample NERICA farmers, the incidence of tenancy is not so 
pervasive, taking only 9% of their total crop plots and 6% of the total cultivated area (Table 4.5). 
For the plots planted to rice, however, these shares were substantially higher, 22% and 26%, 
respectively. Looking into the tenanted plots alone, the share of rice plots was 71% for all, 100% 
for large farmers and 62% for small farmers. As explained earlier, the tenancy arrangements in 
the study area were leasehold contracts with fixed cash rents, and their contract periods were of 
short terms, mostly for one crop season or one year. The most of tenancy contracts were made 
recently mostly to plant rice. It is worth noting that some large farmers who did not own lands 
suited for growing rice rented land to plant NERICA. Such observations imply that there existed 
among farmers in the study area enthusiasm for planting NERICA, which many farmers 
expressed to us during their interview.  
 
4.3.2  Changes in cropping pattern with NERICA 
How was NERICA introduced into the traditional cropping pattern of the banana- coffee system 
in the study area? The chairperson survey revealed that in the traditional cropping system in the 
study area, coffee and plantain banana, often with some fruit trees, were usually mixed-planted 
or planted side-by-side in a plot, taking about one-third of farmers’ cultivated land area. Maize 
and sweet potato were often planted together in a plot, different from the banana-coffee plot, 
together taking about another one-third of the cultivated area. Cassava joins either in the 
banana-coffee plot or in maize-sweet potato plot, more often in the latter, beans were also 
planted in both types of plots in rotation, and these two crops together occupied one-fourth of the 
land. The rest of the area, about 10% of the total area, was planted with various vegetables and 
other crops. Maize and sweet potato plots are found not only in relatively dry uplands situated at 
higher slope on the undulating topography but also in relatively wet uplands situated at a lower 
slope or even in the shallow valley bottom where yam (though locally called yam, a kind of taro, 
Colocasia esculenta) is comfortably grown.  
The first part of Table 4.6 shows the crops that were replaced by rice when NERICA 
was introduced by the farmers as a new crop. Maize and sweet potato were the two most 
popular crops that were replaced by NERICA, followed by yam. Very few plots planted to 
plantains and no plot planted to coffee was converted to NERICA. Plots where rice replaced 
these crops were generally at the valley bottom under hydromorphic conditions or at a lower 
slope near the valley bottom with relatively higher soil moisture. The existence of such land, 
which takes about 20% of the cultivated land in the study area, has helped the diffusion of 
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NERICA. It should be remarked, however, that rice is still a very minor crop in terms of area 
planted, if put in the entire cultivated land area in the sample sub-counties: The share of 
cultivated land devoted to NERICA estimated from our two sets of sample was 0.8% of the entire 
cultivated land and 4% of the land suited for growing rice. 
The introduction of NERICA increased cropping intensity (the second part of Table 4.6). 
This occurs because NERICA can be planted in marshy plots, which are otherwise left unplanted 
in the wetter second season. Such cases were typically found in plots at a lower slope and valley 
bottom that were planted with maize and sweet potato, where maize could be planted twice a 
year, but not sweet potato. Though less typical, cropping intensity also increased in swampy 
plots where one crop of yam was replaced by two crops of rice. Furthermore, the introduction of 
NERICA increased cultivated area by bringing hitherto uncultivated marshy land into cultivation 
(the third part of Table 4.6). Such new land opening due to NERICA increased the land area 
planted in rice by 23%. 
Rice was planted either continuously or in rotation with other crops (the fourth part of 
Table 4.6). Including farmers who planted rice only in two consecutive seasons, 62% of farmers 
planted rice continuously. Some of them have planted rice continuously ever since they adopted 
it. It is more common, however, that after two to five seasons of continuous planting, farmers 
plant some non-rice crops for one to three seasons before coming back to rice in rotation. The 
list of non-rice crops in the rotation with rice was quite similar to the list of previous crops 
replaced by rice when it was introduced. The most popular crop in the rotation was maize, 
followed by sweet potato, either alone or together. Another popular cropping pattern with rice in 
the study area was a rice-vegetable-rice system, in which short maturing vegetables, most 
popularly a kind of leaf vegetable called bugga (Amaranthus Hybridus L.: African spinach), were 
planted as an intercrop. Since these vegetables mature within a month, two crops of rice and two 
crops of vegetables can be harvested within a year. The early-maturing nature of NERICA 4, 
which can be harvested within 120 days after seeding, makes such intensive cultivation 
possible. 
     
4.3.3  Current rice production 
In this section, we observe the input-output structure of, and farmers’ income from rice 
production in the study area using the data obtained from 45 NERICA farmers. The data used for 
the analysis are of the 2010 first season for 37 farmers and of the 2009 second season for 8 
farmers who did not plant rice in the 2010 first season. The data pooling for these two seasons is 
justified since the climatic conditions for rice growing were quite similar in the two seasons, as 
exemplified by the average rice yield; 2.6 t ha
-1
 and 2.7 t ha
-1
, respectively, with no statistically 
significant difference. There was also no significant difference in the pattern of input use 
between the two seasons. 
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Area planted to rice: The average area planted to rice of large farmers was 0.47 ha (1.2 ac), 
while that of small farmers was 0.30 ha (0.7 ac); large farmers planted rice 1.6 times more than 
small farmers did (the right side of Table 4.3). Considering the ratio of average cultivated area of 
large NERICA farmers to that of small NERICA farmers of 8.3 (6.06 ha/0.73 ha), the large-small 
ratio of area planted to rice was disproportionally small. In fact, the size distribution of area 
planted to rice, with Gini coefficient of 0.38, was more even than the distribution of cultivated 
land. For 80% of the sample NERICA farmers, the area planted to rice was less than 0.6 ha (1.5 
ac). There was a farmer in the size class of 1 ha and larger, whose holding of cultivated land 
area was 16 ha, but his acreage under rice was only 1.2 ha. All this suggests that there are some 
limiting factors that inhibit a large scale cultivation of NERICA. The availability of land suited to 
grow NERICA is an important limiting factor. Besides that, there seems to be some factor that 
NERICA technology available at present inherently holds in itself.  
 
Yield and production inputs: Rice yield per ha and inputs for rice production per ha, other than 
land, of the NERICA farmers are summarized in Table 4.7. The average rice yield for all rice 
farmers was 2.7 t ha
-1, which was twice as high as the ‘official’ FAO statistics of 1.3 t ha-1 for 
Uganda’s rice production as a whole (FAO, 2011), and comparable to earlier studies on upland 
NERICA (Kijima et al., 2006, 2008, 2011). It could be said that NERICA is high- yielding. More 
remarkable is the large, statistically significant, difference in yield between large and small 
farmers.  
Table 4.7 accounts for all the non-land production inputs used for rice production by 
sample farmers. Compared to other rice growing areas, the seeding rate in the study area was 
comparable, while the fertilizer and chemical intensities were higher as shown in Chapter 3. The 
average labor intensity of sample farmers was comparable to other areas (Kijima et al., 2006, 
2008), and the use of labor at such a high intensity was justified by the economic return to it, so 
were the cases for the use of seeds and fertilizers (Miyamoto et al., 2012). However, the number 
one complaint of farmers in the study area about problems and shortcomings of NERICA was “it 
is too labor demanding”, and in fact many non-NERICA farmers hesitate to adopt NERICA 
because of its highly labor-using nature, particularly for bird-scaring. This is clearly a limiting 
factor that inhibits large scale cultivation of NERICA mentioned at the end of the previous 
sub-section. 
Another salient feature of the input use shown in Table 4.7 is that for all the inputs the 
intensity was consistently higher for small farmers than for large farmers by significant margins. 
This difference in input intensities explains the considerably higher rice yield of small farmers as 
compared to that of large farmers (Miyamoto et al., 2012). All this, coupled with the NERICA’s 
nature that its intensive labor requirement tends to inhibit large scale cultivation, implies that 
NERICA is a pro-smallholder technology; it is better-fitted to small farmers.  
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Factor shares and farmers’ income: Table 4.8 summarizes factor shares of and farmers’ 
income from NERICA production. For the entire NERICA farmers, the factor share of current 
inputs was 14%. The gross value-added ratio was therefore 86%, indicating that NERICA 
cultivation generated UGX 2.3 million (US$ 1,100) of gross income for every hectare planted to it. 
The share of fixed capital was negligible, so that the net value-added ratio was nearly equivalent 
to the gross value-added ratio. Labor took the largest factor share of 63%. The share of land was 
as low as 3%. If all factor inputs are duly accounted for according to their marginal contribution to 
the output, operators’ surplus is supposed to consist of profit, which is supposed to be null at the 
long-run equilibrium. The 19% of operators’ surplus seems to suggest that land was grossly 
under-evaluated due to the fact that the leasehold rent prevailing in the study seasons was far 
less than the marginal contribution of land. In fact, the land rent was raised in the following 
season to a level twice as high as the level during the study seasons. Farmers’ income from rice 
production was UGX 1.4 million (US$ 680) ha
-1
, or 53% of gross output. These factor shares 
obtained from our sample farmers are remarkably similar to the ones reported in Kijima et al. 
(2008).  
 
4.3.4  Household income 
Income from non-rice crops and livestock: Production-related data on all crops grown and 
livestock raised by sample farmers in the study seasons are summarized in Table 4.9. Since 
some non-rice crops and livestock were grown or raised only by a limited number of sample 
farmers, the NERICA and non-NERICA samples were pooled in this table in order to keep as 
many observations as possible for estimating the performance of non-rice crops and livestock in 
generating farm income.  
The eagerness of farmers to plant rice, which we observed in the study area, is well 
understood if we look at land productivity and farmers’ income attained by these crops. Farmers’ 
income ratio was lowest for rice among the crops listed, but the extremely high land productivity 
of NERICA made farmers’ income per crop highest among the crops grown in the study area.  
Various kinds of livestock are raised in the study area, the most popular being chickens 
and cows. Cows are raised mainly for dairy milk with a few head per farm. With the interval of 
several years, old cows are replaced by young ones, old ones usually being sold for meat. 
Chickens are also of double purposes; one for meat and another for eggs. Many farmers raise 
chickens for meat for home consumption with about 10 head per farm, while raising chicken for 
eggs is more specialized with more than 100 head on average. Raising pigs has also been 
getting popular. Since raising livestock requires some specific purchased inputs, such as feeds, 
medicines, vaccinations and insemination, farmers’ income ratio is relatively lower than that for 
non-rice crops, except for goats and chickens for meat, both of which are usually grazing 
free/range free.  
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Off-farm income: Off-farm income that some sample farmers earned from off-farm economic 
activities, such as self-employed non-farm businesses and hired labor works in other farms, is 
shown in Table 4.10. It should be noted that the sizes of our samples, particularly of 
non-NERICA large farmers, seem to be not enough to smooth out large variation in off-farm 
incomes, so that the data in this table are not more than giving a rough idea about the 
configuration of off-farm income in the study area. Even with such a qualification, it is safe to say 
that the number of farmers with non-farm income was not large in spite of the location of the 
study area not so far from the metropolitan area.  
 
Total household income: The average household income of the sample farmers is 
summarized in Table 4.11. For both NERICA and non-NERICA farmers, the share of farm 
income was more than 80%, leaving less than 20% for off-farm income. Such income shares by 
source are quite comparable with those of NERICA farmers reported by Kijima et al. (2008). For 
NERICA farmers, rice took 12% and 51% of the total household income of large and small 
farmers, respectively. 
 
4.3.5  Impact of NERICA on household income 
The last question is how much household income was increased by the introduction of NERICA. 
There are various methods of assessing the impacts of agricultural technology (de Janvry et al., 
2010). In order to estimate an immediate impact that the change in the cropping system with 
NERICA gave the income of farmers who adopted it, we first try a simple arithmetic approach. As 
shown in Table 4.6, when introducing NERICA, the majority of farmers planted it in plots which 
used to be planted with maize and sweet potato. Let us assume that this area had been planted 
with maize and sweet potato in an equal proportion with their average cropping intensity shown 
in Table 4.9. Then, the increase in small farmers’ income due to the switch from maize and sweet 
potato to NERICA is estimated at UGX 0.53 million (US$ 253) (Table 4.12). Since the crop 
income of non-NERICA small farmers was UGX 0.79 million (US$ 377), the rate of income 
increase due to NERICA is estimated to be as high as 67%. It is worth noting that the estimate of 
income increase due to NERICA in Table 4.12 does not take into account that the introduction of 
NERICA did increase cropping intensity and bring virgin land under cultivation.  
 The same procedure applied to large farmers gives an income increase of UGX 0.32 
million (US$ 152) due to NERICA, which is lower than the increase for small farmers in spite of 
the larger area planted to rice. This indicates that the introduction of NERICA reduces income 
disparity between large and small farmers, if ceteris paribus condition were satisfied. Our finding 
supports the finding of Kijima et al. (2008) that the characteristics of NERICA technology 
favorable to smallholders are such that it not only increases small farmers’ income but also 
contributes to reducing the income disparity between large and small farmers, hence improving 
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income distribution in rural area. Similar findings of NERICA’s impact of decreasing poverty are 
also reported in West Africa (Diagne et al., 2009; Dibba, 2010; Dontsop-Nguezet et al., 2011). 
 Let us check the results above obtained from the simple arithmetic by estimating crop 
income functions. For explanatory variables, we tried all 9 household characteristics listed in 
Table 4.2 and, in addition, NERICA farmer dummy and either small farmer dummy or cultivated 
area. As explained earlier, the functional form we adopted in the estimation is the semi-log linear. 
Our estimation cleared most of the statistical conditions that regression estimation must satisfy, 
such as the normality of dependent as well as independent variables and the homoscedasticity 
in the error terms. Though less satisfactorily satisfying the regression conditions than the 
semi-log linear model, the linear model and the log-linear model gave essentially the same 
results. For the issue of endogeneity caused by NERICA farmer dummy, the comparison of 
estimated results between models with and without the dummy revealed that the estimated 
parameters of other explanatory variables were all not statistically different between the models 
even at the 10% level of significance. Table 4.13 summarizes the results of estimation for the 
model with NERICA farmer dummy. Only the explanatory variables that gave regression 
coefficients statistically significant at the 5% level or higher are shown. 
 For all farmers, the two regression equations, one with small farmer dummy and the 
other with farmers’ cultivated area, gave essentially the same results: Under controlled 
conditions, the cultivation of NERICA increased farmers’ crop income significantly. The rate of 
increase on average for the entire sample was estimated at about 40% for Regression [1] and [2]. 
Regression [3] for small farmers alone gave significant coefficients for only two explanatory 
variables. As expected, however, the coefficient of NERICA dummy was larger than those for all 
farmers and the rate of increase was estimated at 63% for small farmers, quite close to the naive 
estimate in the previous table. These results give strong support to our propositions that the 
adoption of NERICA increases farmers income significantly and that the pro-smallholder nature 
of NERICA technology makes the rate of income increase higher for smallholders than for large 
farmers, contributing to the reduction of income disparity in rural areas. 
 
4.4  Conclusions 
We observed in this chapter how NERICA was introduced into the upland farming area and what 
impacts it gave on farmers’ income, using data collected from farmers in Central Uganda. 
NERICA was introduced into the traditional cropping pattern of the banana-coffee system by 
replacing mainly maize and sweet potato, while leaving banana and coffee nearly intact, 
resulting in an increase in cropping intensity and bringing hitherto uncultivated land into 
cultivation. After nearly a decade since its dissemination began, in the cropping system in the 
study area, rice still remains a minor crop, taking a negligible share in the total planted area. 
However, the speed of diffusion has been rapid and strong enthusiasm to adopt NERICA exists 
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among upland farmers, large and small farmers alike. The incidence of land leasing has been 
increasing to grow NERICA.  
Behind such enthusiasm is the high profitability of NERICA cultivation. Our study 
reveals that NERICA’s high-yielding characteristic is realized in farmers’ fields so that the 
profitability of NERICA cultivation is highest among the upland crops grown in the study area, in 
spite of its higher input requirements relative to other crops, resulting in substantial increases in 
farmers’ crop income. Thanks to the pro-smallholder nature of NERICA technology, this income 
increase is particularly distinct for smallholders. The introduction of NERICA increases their crop 
income by 40–60%, contributing to ameliorating the income distribution in the study area.  
In an upland area where rice used to be an exotic crop, the diffusion of NERICA would 
take a long time, but it would continue steadily as long as the present conditions last. 
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Large farmer 17 6 23
Small farmer 28 24 52
Total 45 30 75
NERICA
farmer
Total
Non-NERICA
 farmer
Table 4.1.  Number of sample farmers by type and size
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NERICA
farmer
Non-
NERICA
farmer
Difference
Large
farmer
Small
farmer
Difference
Head age (yrs) 43 45 ns 46 43 ns
Head education (yrs) 6.3 6.3 ns 8.4 5.4 **
Female-headed (%) 13 27 ns 0 27 **
Head with non-farm occupation (%) 33 17 * 48 17 **
No. of family members 6.8 6.5 ns 8.0 6.1 **
No. of farm-hands 2.1 2.0 ns 2.3 2.0 ns
No. of members age 10 and above 4.2 4.5 ns 5.1 4.0 *
Member of farmers' group (%) 50 33 ns 65 33 **
Attended NERICA training (%) 53 33 * 74 33 **
Table 4.2. Household characteristics of sample farmers
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No. No. Area No.
No. of observations 45 30 45
Distribution (%)
- 0.5 ha 29 4 27 4 - 0.2 ha 22
0.5 - 1 13 3 23 7 0.2 - 0.4 33
1 - 2 20 9 30 17 0.4 - 0.6 24
2 - 5 24 25 13 13 0.6 - 0.8 7
5 - 10 9 22 3 11 0.8-1.0 9
10 ha - 4 36 3 47 1 ha - 4
Total 100 100 100 100 Total 100
Av. size (ha farm-1)
All ns 3)
Large farmers ns 3)
Small farmers ns
 3) ns 4)
Table 4.3.  Size distribution of cultivated land area held by sample farmers by type of farmers and of area
planted to rice, 2010
Cultivated area 1) Size of plots planted to rice 2)
NERICA farmer Non-NERICA farmer NERICA farmer
2.74 2.27 0.36
Area Area
6
20
27
11
20
15
100
1) Agricultural area in the definition of FAOSTAT.
2) The size of plots planted to rice in 2009-2010.  For farmers who planted rice in the two seasons with different sizes,
their average is taken.
3) For mean difference between NERICA farmers and non-NERICA farmers.
4)  For mean difference between large and small farmers.
6.06 8.20 0.47
0.73 0.79 0.30
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Owner
Owner-
tenant 1)
Tenant 2) Total
NERICA farmer
% in number 73 22 4 100
Per farm (ha) 3.3 1.5 0.4 2.7
Non-NERICA farmer
% in number 83 17 - 100
Per farm (ha) 2.6 0.9 - 2.3
1) Farmers cultivating both owned and tenanted areas.
2) Farmers cultivating only tenented area.
Table 4.4.  Distribution of sample farmers by tenure status, 2010
68 
 
 
  
No. %
Area
(ha)
%
Per plot
 (ha)
All
Owned plot
Rice 1) 42 22 16.4 13 0.4
Others 133 69 100.0 81 0.8
Tenanted plot
Rice 1) 12 6 5.9 5 0.5
Others 5 3 1.1 1 0.2
Total 192 100 123.4 100 0.6
Large farmer
Owned plot
Rice 1) 20 18 10.0 10 0.5
Others 85 78 90.3 88 1.1
Tenanted plot
Rice 1) 4 4 2.6 3 0.7
Others
Total 109 100 103.0 100 0.9
Small farmer
Owned plot
Rice 1) 22 27 6.4 31 0.3
Others 48 58 9.6 47 0.2
Tenanted plot
Rice 1) 8 10 3.2 16 0.4
Others 5 6 1.1 5 0.2
Total 83 100 20.4 100 0.2
1) Include plots planted with rice together with other crops.
Table 4.5.  Number and area of crop plots cultivated by sample NERICA farmers, by crop
planted and farm size, 2010
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(%)
I. Crops replaced by NERICA when first planted 1)
Maize 27 54
Sweet potato 23 46
Yam 2) 7 14
Cassava 4 8
Beans 3 6
Vegetables 3 6
Sugarcane 2 4
Banana 1 2
Uncultivated land 9 18
Total 3) 70 140
II. Farmers whose cropping intensity increased with NERICA 1) 11 22
III. Uncultivated area converted to rice land (ha) 1)
Share of converted land in total area planted to rice (%) 4)
IV. Previous crops before rice for current rice production 5)
Maize + sweet potato 6 13
Maize 1 2
Sweet potato + plantain 1 2
Sweet potato 2 4
Vegetables 3 7
Yam 1 2
Fallow 1 2
Virgin land 2 4
Rice 28 62
Total 45 100
Table 4.6. Changes in cropping pattern and cropping intensity with the introduction of NERICA
23
3) The number reporting exceeds the total number of farmers reporting, because some farmers replaced more
than one crop for planting rice.
5) For 45 NERICA farmers for the latest rice crop planted in the study seasons.  Two crops, e.g., maize+sweet
potato, means that these crops were planted on the plot just before rice.
2) Though called yam locally, actually a kind of taro (Colocasia esculenta ).
1) For 50 farmers, including five farmers who had planted rice but not planted it during the study period.
No. reporting
4) Relative to the sum of land areas replaced by rice and converted from virgin land to rice cultivation.
3.6
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Unit All Large farmer Small farmer
[1] [2]
Yield kg ha-1 2,698 2,058 3,334 1,276 *
Current inputs
Seeds kg ha-1 105 85 124 39 **
Fertilizers UGX000 ha-1 143 88 197 109
Chemicals UGX000 ha-1 91 50 131 81 **
Others UGX000 ha-1 28 22 34 12 *
Labor 2) days ha
-1 464 388 540 151 **
Fixed capital UGX000 ha-1 13 8 18 10 **
1) US$ 1.00 = UGX 2,100.
Table 4.7.  Rice yield and inputs in rice production per ha, 2009-2010 1)
2) Total labor inputs from land preparation to the last activity before rice milling. One (person) day = 8 hours.
Difference
[2] - [1]
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UGX000
ha-1
(%)
UGX000
ha-1
(%)
UGX000
ha-1
(%)
Rice output 1 2,698 100 2,058 100 3,334 100
Factor payments
Current inputs 2 378 14 253 12 504 15
Capital 3 12 0 6 0 18 1
Owned 4 9 0 5 0 12 0
Hired 5 4 0 1 0 6 0
Labor 6 1,706 63 1,452 71 1,952 59
Family 7 847 31 747 36 942 28
Hired 8 859 32 706 34 1,010 30
Land 9 93 3 93 5 93 3
Owned 10 74 3 84 4 62 2
Rented 11 20 1 9 0 31 1
Operators' surplus 1-2-6-9 508 19 254 12 768 23
Farmers' income 1-2-5-8-11 1,437 53 1,090 53 1,784 54
Table 4.8. Factor payments, factor shares and farmers' income in rice production per ha, 2009-2010 1)
All Large farmer
1) Rice output was evaluated at the farm-gate price of paddy, which was UGX 1,000 kg-1 (average for the 2009 2nd and 2010
1st seasons).  Therefore, the numbers in UGX 1,000 ha-1 can be read as paddy rice equivalents in kg ha-1.  US$ 1.00 = UGX
2,100.
Small farmer
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No. of
farmers
planting or
raising
(No.)
Area planted
(ha-1 crop-1) or
No. of heads
raised 2)
Av. area (ha)
or av. No. of
heads farm-1
No. of
crops yr-1
Yield ha-1
crop-1 (t) or
head-1 (unit)
Unit
Unit price
(UGX unit-1)
Produc-tivity
ha-1 or head-
1 (UGX 000)
Farmers'
income ratio
(%)
Farmers'
income ha-1
crop-1 or
head-1
(UGX000)
Crops
  Coffee 46 19.3 0.42 1.0 1.19 kg 900 1,070 95 1,017
  Plantains 53 17.7 0.33 1.0 330 bundle 3,500 1,156 98 1,133
  Maize 56 18.5 0.33 1.8 1.73 kg 300 519 90 467
  Cassava 50 14.5 0.29 1.0 2.05 kg 600 1,231 100 1,231
  Sweet potato 54 14.4 0.27 1.3 3.71 kg 300 1,112 90 1,001
  Vegetables 3) 24 6.5 0.27 - - - - 1,955 70 1,368
  Beans 42 8.5 0.20 1.2 0.74 kg 1,500 1,112 90 1,001
  G-nuts 13 2.5 0.19 1.3 0.49 kg 2,500 1,235 90 1,112
  Millet 3 0.5 0.17 1.7 0.54 kg 900 489 90 440
  Yam 9 0.4 0.05 - 28 bag 10,000 280 100 280
  Other crops 4) 11 8.3 0.76 - - - - 424 90 382
  Rice 45 16.3 0.36 1.6 2.70 kg 1,000 2,698 53 1,436
Livestock
  Cows: Milk 15 85 6 - 420 liter 0.55 231 70 162
  Cows: Meat 11 34 3 - 1 head 580 580 70 406
  Pigs 22 79 3 - 1 head 55 55 50 28
  Goats 15 154 10 - 1 head 57 57 98 56
  Chickens: Egg 8 1,072 134 - 5.5 tray 5) 5.4 30 55 16
  Chickens: Meat 24 260 11 - 1 head 11 11 90 10
5) One tray holds 30 eggs.
Table 4.9.  Crops grown and livestock raised by sample farmers in 2009 2nd and 2010 1st seasons and their
unit price, productivity and farmers' income
 1)
2) For farmers who planted in the two seasons with different sizes, their average is taken.  For mixed-cropped plots, area is allocated to each
crop according to their proportion.
1) For non-rice crops and livestock, the NERICA and non-NERICA samples are pooled.  US$ 1.00 = UGX 2,100.
3) Include egg plant, tomato, cabbage, etc.  Farmers' income is not per crop but per year.
4) Include sugarcane, hot pepper, vanilla, fruits and eucalyptus tree.  Farmers' income is not per crop but per year.
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(No. reporting) All Large Small (No. reporting) All Large Small
Total (UGX million farm-1) 0.50 0.98 0.21 0.38 1.76 0.04
Share by source (%)
Self-employed 60 50 88 12 9 54
Commerce 2) (9) 19 12 39 (4) 4 3 26
Transport (3) 14 4 42 (1) 5 6 0
Industry 3) (4) 6 8 1 (4) 2 0 28
Rent 4) (3) 20 25 6 (1) 1 1 0
Employed 40 50 12 87 91 39
Non-farm 5) (1) 37 50 0 (1) 84 91 0
Farm (6) 3 0 12 (4) 3 0 39
Transfer income  6) (0) 0 0 0 (1) 1 0 7
Total 100 100 100 100 100 100
2) Shops, buy and sell.
3) Wine-spirit maker, brick maker.
5) Employed in the formal sector (a government employee and a teacher).
6) Remittance from children.
NERICA farmer Non-NERICA farmer
1) Average per sample farmers for each sample.  Figures in parenthesis are the number of farmers reporting respective income.
4) Rent from non-farm land/houses (3 NERICA farmers) and rent from farm land (1 non-NERICA farmer).
Table 4.10.  Average off-farm income of sample farmers by type of farmer and income source, 2009-2010
 1)
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All
Large
farmer
Small
farmer
All
Large
farmer
Small
farmer
Total (UGX million farm-1) 3.16 5.87 1.52 2.29 5.91 1.38
Share by source (%)
Farm income 84 83 86 83 70 97
   Crop 71 66 83 56 54 57
  Rice 24 12 51 0 0 0
  Other crops 47 53 32 56 54 57
   Livestock 13 18 3 27 16 40
Off-farm income 16 17 14 17 30 3
Total 100 100 100 100 100 100
NERICA farmer Non-NERICA farmer
1) US$ 1.00 = UGX 2,100.
Table 4.11. Average household income per farm household by source and by type of farmers, 2009-2010 1)
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No. of crops
yr-1 2)
Unit price
2)
Income
ratio 2)
Area
planted 3)
Yield 4)
Farm
income
Area
planted 3)
Yield 4)
Farm
income
No. UGX kg-1 % ha kg ha-1 UGX000 ha kg ha-1 UGX000
Without NERICA
Maize 1.8 300 90 0.15 1,730 126 0.24 1,730 198
Sweet potato 1.3 300 90 0.15 3,706 195 0.24 3,706 306
With NERICA
Rice 1.6 1,000 53 0.30 3,334 852 0.47 2,058 824
Increase in income 531 321
Income of non-NERICA farmers
Crop income 792 3,221
Household income 1,379 5,913
Rate of increase (%)
Relative to crop income 67 10
Relative to household income 39 5
1) US$ 1.00 = UGX 2,100.
2) From Table 4.9.
4) For maize and sweet potatoe, from Table 4.9.  For rice, from Table 4.7.
Table 4.12.  Impact of NERICA adoption on farmers' income
 1)
Common assumptions Small farmers Large farmers
3) It is assumed that the average area planted to rice (from Table 4.3) used to be planted with maize and sweet potato in and equal
proportion with the average cropping intensity.
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Coeff. Prob. Coeff. Prob. Coeff. Prob.
Dummy variables
NERICA farmer 0.352 0.042 0.364 0.032 0.489 0.007
Small farmer -0.620 0.005
Head with non-farm occupation 0.447 0.025 0.451 0.021
Continuous variables
Cultivated area (ha) 0.079 0.002 1.254 0.000
No. of household members 0.078 0.023 0.087 0.008
Head education (years) 0.092 0.000 0.066 0.007
Intercept -0.894 0.026 -1.432 0.000 -1.508 0.000
R2
D.F.
B-P/ C-W test 0.500 0.481 0.040 0.836 0.270 0.604
RESET test 0.530 0.664 3.020 0.036 0.650 0.586
Max. VIF 1.450 1.610 1.010
Rate of income increase
due to NERICA (%) 2)
2) Computed from the estimated coefficient.
1) The logarithm of farmers' crop income per farm (UGX million) was regressed on the explanatory variables.  All the observations from
the two sample sets, except for the outliers, are pooled for the estimation.  For all the regression equations, the null-hypothesis of
homoscedasticity in the residuals could not be rejected, and the VIF test supported the hypothesis that none of them suffered from
multi-colinearity.  The null-hypothesis of no omitted variables (RESET test) could not be rejected for Regression [1] and [3].
0.480
4763
0.579
42 44 63
0.569
63
Table 4.13.  Estimation results of crop income function and the rate of income increase 
1)
[3][1] [2]
All farmers Small farmers
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Chapter 5   
 
Rice Farming Decisions under Risk 
 
 
5.1  Introduction 
Rice in Uganda is a relatively new crop to many farmers, except those in the eastern part of the 
country. As mentioned in the Preface, several attempts to introduce rice before 2000 were not 
very successful. The eastern part of country, thanks to better availability of water, concentrates 
on producing lowland rice varieties. In the mid-2000s, due to a massive introduction of upland 
rice called NERICA through a government initiative, rice has started to be produced keenly even 
in other parts of country, such as the Northwest and West, where upland cultivation prevails. The 
previous chapters revealed that the introduction of rice was done mainly by expanding land 
under cultivation, but also by replacement of other upland crops such as maize, cassava, beans, 
and Irish potatoes. Maize, with more than 2 million tons of annual production, is almost 10 times 
bigger than annual rice production and is thus one of the biggest competitors for rice. 
As a majority of Ugandan agriculture is still characterized as small scale, each 
individual makes his or her own decision about what, when, and how much to grow considering 
expected outputs or profits from production. This is also the case in most other Sub-Saharan 
African countries. With its attractive market prices, rice has rapidly caught the attention of many 
farmers as a promising cash crop. However, the pace of rice diffusion or dissemination has 
started to slow in recent years. Some previous studies report that while many farmers opted for 
rice production, others dropped out of farming after several seasons of cultivation (Kijima et al., 
2011). The reasons behind this slowdown must be identified if the country wishes to keep pace 
with increased consumption demand for the crop. 
To grasp the factors slowing down the rate of expansion of rice cultivation, analyses 
should likely be carried out on three important aspects: the increase in the number of new 
farmers taking on rice cultivation; prevention of farmers’ dropping out of rice farming; and 
continuous rice area expansion. Research on the first aspect has often been attempted through 
the framework of farmers’ behavior to adopt new technologies, which normally involves farmers’ 
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risk preferences to avoid or take risks. Many studies suggest that the risk-averse nature of 
farmers either slows down the pace of new technology adoption or negatively affects the 
sampling of new technologies or crops (Ghadim et al., 2005; Liu, 2008; Dercon and 
Christiaensen, 2012). On the other hand, some studies show the opposite relationship in which 
risk-averse farmers actively adopt new technologies, such as Shapiro et al. (1990) for use of the 
double cropping method; and Babcock (1992) and Paulson et al. (2010) for use of fertilizer. 
Empirical evidence for the former cases has been accumulated more than for the latter. The 
second aspect slowing down the rate of expansion of rice production was examined by 
researchers including Fujiie et al. (2010a) who conducted a survival duration analysis of upland 
rice farmers in Uganda. Their results reveal that after farmers’ first adoption of new upland rice 
varieties, the duration of their engagement in rice production was negatively influenced by the 
experience of crop farming and distance to a rice milling machine. The third aspect has been 
addressed by a number of researchers mainly through the framework of acreage response or 
supply response against uncertain yield or output price levels. A few to mention are Chavas and 
Holt (1990) for corn and soybeans; Weersink et al. (2010) for corn, soybeans, and wheat; and 
Haile et al. (2013) for the four commodities of wheat, corn, soybeans, and rice. These studies 
deal with the effects of farmers’ risk preferences on acreage decisions by estimating a model 
based on expected utility maximization, and find that risk preferences actually play an important 
role in the decisions. The researchers measure risk by using the variance of yield and output 
price, as do most other similar studies, but do not consider much the risk of production assessed 
by farmers and farmers’ directly elicited attitudes to risk (risk attitudes). 
Although rice farmers’ risk perceptions have so far received little attention in Uganda, 
some studies for other subsectors or the country’s farmers in general were conducted by 
Humphery and Verschoor (2004), Hill (2006), and Ihli et al. (2013). If we could identify rice 
farmers who tend to improve yields or increase planted area alongside the characteristics or 
attributes behind their actions, we can accordingly propose appropriate extension methods that 
fit well with their needs, thus better focusing the country’s targets for extension. To find out such 
characteristics and attributes, we approach the last aspect discussed above, acreage expansion, 
by incorporating farmers’ risk assessment and farmers’ directly elicited risk attitudes and the 
impact thereof on yield. As mentioned above, risk attitudes are often discussed in relation to the 
issues of technology choice, but such discussion is not limited to the mere adoption or choice but 
is also extended to relationships between risk attitudes and use of inputs, that is, fertilizer and 
labor force (Antle, 1987; Paulson et al., 2010; Ma et al., 2013) and between risk attitudes and 
technical efficiency in production (Kumbhakar, 2002; Dhungana et al., 2004). 
This chapter is organized as follows. Section 5.2 gives a brief overview of the analytical 
framework. Then, Section 5.3 explains the dataset to be used for analysis and method of 
obtaining the data. This is followed in Section 5.4 by a thorough look at sample farmers’ 
characteristics including regression analyses on farmers’ cropping patterns and risk assessment 
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on each crop. In Section 5.5, the relationship between farmers’ elicited risk attitudes and 
production decisions is analyzed closely, alongside the extent to which risk attitudes affect the 
production decisions of rice farmers in Uganda. Section 5.6 discusses policy implications and 
concluding remarks. 
 
5.2  Analytical Framework 
Before the analysis on the role of risk attitudes in production decisions, we examine cropping 
patterns adopted by Ugandan farmers, which reflects production and market risks, and their 
subjective assessment of risk for a crop.  
 
Analyses on cropping patterns and crop risk assessment 
Different types of crop mixes held by farmers are categorized into several groups. These groups 
are formed as each has unique and distinctive characteristics. Once such grouping is done, we 
can determine factors that lead farmers to select particular cropping patterns. If we can identify 
the determinants for farmers to select a cropping pattern in which rice is a majority out of several 
other types of cropping patterns, it should give valuable information for the further expansion of 
rice production by area. This can be done using the hierarchical clustering technique, a method 
of grouping algorithms that constructs clusters nested like a tree structure. Against the groups 
created, regression analysis is performed with farmer and farm specific characteristics as 
explanatory variables. Since we have several options of cropping patterns, the multinomial logit 
model is applied assuming the variance of the error terms being independent, following 
McFadden’s probabilistic discrete choice (McFadden, 1981). Selection of cropping patterns is 
described by the random utility model: 
 
 U𝑗 = V𝑗 + 𝑒𝑗     ( 𝑗 = 1, 2,⋯ ,m ) 
 
where U𝑗 is utility when selecting  𝑗-th option, V𝑗  is observable component of utility and 𝑒𝑗  is a 
random error. Farmers select 𝑗-th option when 𝑗-th option’s utility exceeds all other options’ 
utility. The probability of selecting 𝑗-th option from the m alternatives can be approached by the 
following multinomial logit model: 
 
    (𝑗) =     (U𝑗  U1,    , U𝑗  U ) =  
   (V𝑗)
∑    (V𝑗)
  =  
   (∑βk Xk)
∑     (∑ βk Xk)
    (𝑗  = m)  
 
where V𝑗  (=  ∑ βk Xk)  is the observable utility of  𝑗 -th option. From this regression, the 
probabilities of other cropping patterns being selected relative to a base cropping pattern and the 
factors that affect selection of cropping patterns are to be identified.  
Risk assessment for each crop planted by farmers can be a good indicator for whether 
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they adopt particular crops or how much they allocate their land to each crop. Such assessment 
was incorporated into questionnaires, collated, and presented on a scale of 1 (least risky) to 5 
(highly risky). If it is the case that a farmer who attaches high risk to the production of one crop 
tends also to evaluate production of other crops as high risk, then a multivariate model is 
required. Therefore, we first apply the multivariate regression to consider correlation between 
error terms of crop risk assessment functions. Moreover, in the regression analysis, the data of 
the five-scale risk assessment are converted into a binary scale in order to obtain good statistical 
performance. 
 
Analysis of the role of risk attitudes in production decisions 
In order to test the hypothesis that risk attitudes influence farmers’ decisions on expanding area 
planted, this study proposes a three-step linked procedure: individual characteristics determine 
a farmer’s risk attitude; the risk attitude together with other farm specific characteristics 
determine a level of crop yield; and then the yield level determines the size of area planted. Risk 
attitude may directly influence the farmer’s decision regarding area planted. However, this study 
considers it more reasonable that the acreage decision is based on yield and/or output price 
levels, which are assumed to be influenced by risk attitude. A similar approach is used in 
Weersink et al. (2010), who estimate an expected yield by using forecast climate conditions, and 
take the predicted expected yield and its variance, along with output price-related variables, into 
their acreage function. 
Predicted values are used in the second- and third-step regression in order to minimize 
the difficulty associated with endogeneity.
15
 
 
Risk attitude function: Risk attitudes (   ) are determined by exogenous variables of 
farmers’ individual characteristics ( 𝑧 ) 
Yield function:   Yield per acre ( Y ) is determined by the variable of risk attitudes 
predicted by the risk function (    ) and other farm characteristic 
variables ( 𝑠 ) 
Acreage function: Area planted ( A ) is determined by the variable of yield per acre 
predicted by the yield function (     ) and other variables 
constraining expansion of area ( 𝑐 ) 
 
Risk attitude function  
First, as we would like to know the characteristics or attributes of farmers who tend to be 
risk-averse, a regression of farmers’ characteristics against their risk attitudes needs to be 
conducted. In order to identify clearly the characteristics of farmers who prefer less risky options, 
                                                   
15
 Although we also estimated price functions, in which output prices are dependent variables, as well as yield 
functions in the preliminary analysis, the estimated results are not statistically significant at any conventional 
levels. Therefore, our model focuses only on the effects of yield on acreage decision. 
81 
 
farmers are first categorized into either risk averter or otherwise. Using data for risk attitudes of 
farmers collected from a risk experiment which will be explained in detail later, the first step is to 
obtain a set of binary data by labeling those farmers considered to be risk-averse as 1, and the 
rest 0. Therefore, the equation with which we estimate coefficients would be as follows: 
 
  = 1               
    =               
   ＝ + ∑ 𝑖𝑧𝑖  +  𝜀 
 
where   is a binary of risk-averse or not,    is a latent variable which represents probability of 
being a risk-averse farmer, 𝑧𝑖 are variables of farmers’ characteristics,   and  𝑖  are parameters 
to be estimated, and  𝜀  is the error term. Possible explanatory variables are exogenous 
individual characteristics such as age, education level, and locations in which farmers reside. 
In order to delineate farmers into risk averters and the rest, a dataset collected from the 
experiment is used. Once the regression is done, using the estimated parameter for each 
variable and the equation, we predict a probability of  = 1 and use it as the variable “  .” 
 
Yield function 
Second, we look into the relationship between   , a predicted propensity of being risk-averse, 
and yield per acre, Y. Our hypothesis is that yield levels farmers attained in the past are a 
reflection of their risk attitudes, since whatever decisions they make on production should be 
influenced by their risk attitudes.  
 
 Y     =  
  +  1
   + ∑ 𝑖
  𝑖 + 𝜀
     
Y 𝑖  =  
  +  1
    + ∑ 𝑖
  𝑠𝑖 + 𝜀
    
Y   =  
   +  1
     + ∑ 𝑖
    𝑖 + 𝜀
     
 
where Y is farmer’s yield;    is the farmer’s risk preference; 𝑠𝑖’s are explanatory variables,  
 , 
 1
  and  𝑖
  are parameters to be estimated; and 𝜀  is the error term. Possible explanatory 
variables are among household characteristics such as family size, farm size, income from crop 
agriculture, and years of experience cultivating particular crops.  
Many of the past studies on this issue assume that farmers behave in a manner to 
minimize yield variance if they are risk-averse (Antle and Crissman, 1999). However, the 
yield-variance-minimization principle will not hold under certain conditions: while maximum yield 
is higher for risk averters with their prudent on-farm management, minimum yield could be 
unavoidably attained due to devastating weather or vermin that could sweep all production away, 
regardless of farmers’ abilities or risk attitudes. In this case, actual variance of the yield, as a 
result, is larger for risk averters as compared to risk seekers. Therefore, variance or range 
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calculated by using maximum and minimum yields may not be correlated to a level of risk 
attitude in an expected way under such an extremely risky situation. Agriculture in Uganda is 
vulnerable, as such things happen due to lack of measures or insufficient measures against 
them. In order to avoid a misleading result and also to know the real response of farmers against 
downside risk and upside risk, minimum and maximum yields, instead of yield variance, are 
separately used as variables for analysis.  
In estimating the yield functions, a seemingly unrelated regression is used over the two 
crops to consider the error-term correlation, because farmers typically cultivate these crops at 
the same time using the same level of techniques under the same climate conditions. Using the 
parameter obtained at this estimation, we also predict yields (    ) of all levels for the crops, 
which will be used for the following acreage function. 
 
Acreage function 
Lastly, the third function is set to find out factors that determine the size of area to be planted, 
using the predicted yields at the previous stage,   . It is straightforward that the higher the yield 
farmers obtain for a particular crop, the more the acreage they allocate toward that crop. 
However, this last part of the regression is, on the one hand, to confirm this notion in the case of 
rice farmers in Uganda and, on the other, to see how and to what extent other variables could 
affect the size of the cultivated area. The equation to use is as follows: 
 
 A =   +  1
   + ∑ 𝑖
 𝑐𝑖 + 𝜀
     
 
where A is area planted, 𝑐𝑖 ’s are explanatory variables limiting area expansion;  
 ,  1
  and 
 𝑖
  are parameters to be estimated; and 𝜀  is the error term.  
Although the analytical framework presented here is applied to cases from 1 to n crops, 
this study focuses on the two crops, rice and maize, because maize is a major competitor to rice. 
All statistical analysis above is to be carried out by STATA version 12 (STATA Corp., 2012). 
 
5.3  Risk experiment, variables, and sampling frame 
Here details of the risk measurement experiment and information collected for regression 
analyses are presented. 
 
Measurement of farmers’ risk attitudes 
For the first regression function mentioned above, information on farmers’ risk attitudes is 
required. In this study, farmers’ risk attitudes are approached using a set of the well-known 
lottery game developed by Holt and Laury (2002) but with slight changes on the amount of 
payoff (see Table 5.A.1). This is because many earlier studies have employed the lottery game 
or a similar game, which gives us a basis to compare results. The game offers gains as well as 
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losses. It is interesting to see how farmers change their attitudes when both choices in a lottery 
give negative impacts. There are also several issues related to the lottery experiment such as 
whether its payoff should be hypothetical or actual, or whether a payoff shown in a game is a 
high or low stake. Holt and Laury (2002) find that, although high stakes make subjects more 
risk-averse, there is not much difference in their responses between low real payoffs and high 
hypothetical payoffs. According to our preliminary survey, individual discount rate, or time 
preference, of Ugandan farmers is extremely high at 315.5% on average for 15 observations, 
which means that they put a very high value on immediate cash flows. Although risk and time 
preferences are inherently different, the preliminary survey result shows a reasonable possibility 
that if a real payoff is offered, farmers’ responses will not vary with risk levels. Considering these 
debates and empirical evidence, we finally fixed our gain domain experiment as shown in Table 
5.A.1, without any actual payoff to farmers other than transport refunds. 
The importance of considering the ambiguity aversion of farmers has been stressed in 
the literature (Engle-Warnich et al., 2007; Akay et al., 2009). Klibanoff et al. (2005) clearly 
distinguish risk and ambiguity, the former being a set of events with a known probability and the 
latter being that with an unknown probability. In this study, the ambiguity aversion measure is not 
used because it is assumed that farmers’ yields vary mainly due to weather conditions. Although 
weather is unpredictable, farmers can make predictions based on their experience. From these 
predictions, they have an indicative percentage allocation of each weather condition, for 
instance, good, normal, and bad weather. Once they attach their own probabilities to weather 
conditions in a coming season, the occurrence of each weather condition is no longer 
considered as a set of events with unknown probability. 
 
Variables for regression analysis  
We expect that farmers’ production decisions in terms of land size allocated to each crop are 
influenced by a number of factors, namely, farmer attributes such as age, education level, family 
size, experience of farming, and wealth; farm characteristics such as location of plots, total land 
size, and distance to milling machines. The risk function requires farmers’ individual attributes 
such as sex, age, education level, religion, marital status, and number of family members (both 
total and those above 15 years old). 
The yield function requires information of farm level characteristics like engagement in 
off-farm activity, income from each source, asset level, membership of a group, distances to 
milling machines for both rice and maize, distance to financial institution, number of crops, years 
of experience of rice and maize production, and farm size. Asset level is introduced as a proxy 
variable to measure farmers’ ability to devote their resources to farm production, for we did not 
collect data of production inputs considering the tedious questionnaire sessions that would be 
required to obtain such data from farmers with a satisfactory level of accuracy. Farmers’ asset 
levels are useful to test the existence of capital constraints typically faced by African farmers that 
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would act as a limiting factor for yields. Although asset levels are not a precise proxy to gauge 
capital constraints, they represent total income levels to a significant extent.  
Dorward (1999) mentions that large farms could have better access to capital due to 
their ability to borrow money in situations in which capital markets are not sufficiently functional. 
Thus, farm size is included as a dummy variable, with 1 indicating “2 ha and above” and 0 
indicating “less than 2 ha.” As noted in previous chapters, the demarcation size of 2 ha comes 
from the average total cultivated area held by rainfed rice farmers in Uganda. Farm size, as 
mentioned in Chapter 4, is positively correlated with crop income level and is, therefore, 
considered as another proxy variable for income level and, in turn, level of farm inputs to be 
used. However, the analysis in Chapter 3 suggests that farm size negatively affects yields due to 
labor constraints. This shows that farm size will contribute to yields in two ways: one positively 
through the income effect; the other negatively through technical effects, more precisely the 
effect of labor intensity.  
The two proxy variables, farm size and asset level, are possibly correlated each other, 
which is a source of multicollinearity, but transforming continuous data of farm size into a dummy 
variable is a way to avoid this. Farmers were also asked to answer the mean, minimum, and 
maximum yields based on their experience. Using this information, their mean and variance of 
yields can be calculated. 
Farm characteristics such as land size devoted to a particular crop, location of plot 
under operation, availability of water or moisture, and weather recall and forecasts, are to be 
collected for the last part of the analysis (the acreage function). Since our ultimate target is the 
extent of land farmers allocate considering their risk perceptions and attitudes toward risk, the 
data must contain information about area of land endowed to rice and maize. Location of plot is 
to identify whether plots for rice and maize are in a suitable condition in terms of water availability. 
Rice tends to be cultivated in lower areas near valley bottoms. An assumption is that rice is 
grown at lower plots compared to maize. For weather recall and forecasts, the questionnaire 
asks farmers to judge whether the weather in the last three seasons was good, fair, or bad, and 
to estimate the coming season’s weather, in terms of rainfall. Those living in the same areas 
should have more or less the same climate but the intention of including these questions is to 
know how each farmer evaluates weather conditions and to compare how one farmer judges 
differently to another. 
 
Sampling procedure 
To obtain information on the variables discussed above, structured interviews in two districts, 
namely Kyankwanzi and Iganga, were conducted from September to October 2012. Rice 
farmers were targeted since our interest is to elicit how rice farmers respond to their own 
attitudes about how much rice to plant among the varieties of crops they have. The two districts 
are known as rice growing areas, one in western and the other in eastern Uganda. Both are 
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located an almost equal distance, about 120 km from Kampala, the capital, providing a sample 
of farmers from two regions with a similar setting in terms of exposure to the cash economy. The 
mode of production of farmers in both regions is purely rainfed and there is no farmer in the 
sample with irrigation pumps or linked to formal irrigation. Rainfall patterns are bimodal for both 
districts having annual precipitation of around 1,200 mm. 
Within the districts, sub-counties where rice production is popular were first selected 
with support from the respective district agriculture offices. Then parishes, villages, and farmers 
were randomly selected. A total of 280 farmers, 140 farmers in each district, were identified, from 
a total of 12 villages. Of these, five villages (Kikonda, Kyamusakazi, Kigangazi, Lwengo, and 
Kiryabisooli) were in Kyankwanzi District and seven villages (Nabweya, Nakasubi, Kigulamo, 
Lusagha, Busuwiriri, Buwaade, and Bukonde) were in Iganga district. Administering 
questionnaires at each site was done by five enumerators who had been contracted and trained 
by two supervisors. The supervisors prepared an enumerator’s guideline and some visual aid for 
farmers to understand easily and exactly what the questions and the experiment game meant. 
 
5.4  Cropping patterns and crop risk assessment 
5.4.1 Sample characteristics 
The data collected are analyzed here first by examining the sample farmers’ characteristics and 
their farming practices in general. Table 5.1 shows sample farmers’ characteristics by district. 
The sample farmers are on average 39 years old, have six years of primary schooling and live 
with 8 family members of which 3.6 members are above 15 years of age. Total household 
income at the time of survey was, on average, about UGX 1.2 million,
16
 of which about 80% was 
from crop farming activity. Much of the rest came from livestock rearing and the remaining small 
portion from off-farm activities. About 15% of respondents are female heads of households. 
These characteristics are quite similar to what was reported as rainfed rice farmers’ 
characteristics by earlier studies in different parts of Uganda (Kijima et al., 2011; Fujiie et al., 
2010b). On average, the total land size is 4.2 acres while land planted to rice is on average 1.1 
acres. This result also matches with the acreages reported in Chapter 2 from the nationwide rice 
survey conducted in 2007–08. This present study finds the number of income sources for 
farmers is 1.5, which confirms that their means of living is dependent almost entirely on 
agriculture. Although the two districts share some similarities such as the status of being rice 
producing districts and the distance to the capital city, the data actually present clear differences 
in their characteristics. This can be seen in the last column of Table 5.1, with the results of the 
t-test for mean difference at a 5% significance level. The salient differences are found, among 
others, in religion, mobile phone ownership, years of experience in farming, total land size, and 
crop land size. Nevertheless, the two districts represent Ugandan rice farming well, Kyankwanzi 
for rainfed upland areas and Iganga for rainfed lowland areas, the two most distinctive rice 
                                                   
16
 USD 1 = UGX 2,500 at the time of the survey. 
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production ecologies in the country. Therefore, the representativeness of the data in terms of 
rice production still holds. 
As shown in Table 5.1, more than 80% of the farmers in the sample districts cultivate 
rice (rice planter) and maize (maize planter), and more than 40% produce beans (beans planter). 
In addition to these three crops, annual crops are groundnuts, cassava, sweet potato, and Irish 
potato, and perennial crops are banana and coffee. The numbers of farmers planting each crop 
are presented in Table 5.2 by district and village. A high concentration of the three crops, rice, 
maize, and beans, is confirmed, followed by groundnuts and cassava. As seen in Table 2.2 in 
Chapter 2, Iganga falls in the farming system of banana–cotton–millet while Kyankwanzi falls in 
that of banana–coffee–cattle. In the present study’s sample, however, very few farmers actually 
produce coffee and banana. Out of the 12 villages, in only 3 villages do less than 70% of the 
farmers produce rice. In Bukonde village of Iganga, 30% of farmers produce coffee. This is quite 
a high rate compared with the rest of the villages. 
 
5.4.2  Cropping patterns and their determinants 
Though crops cultivated are highly concentrated in the three crops of rice, maize, and beans, it is 
interesting and important to identify the crops grown together and the kinds of cropping patterns 
the sample farmers apply. On average, they produce 2.5 crops. About 13 % of them grow just 
one crop—either rice or maize, with rice predominant—which may be derived from our intention 
of the sample selection being biased toward rice. Farmers in the sample producing more than 4 
crops account for only 10%. The remaining 77% produce either two or three crops. The most 
favored crop mix by the sample farmers is two-crop mix of rice and maize, practiced by 92 
farmers; followed by rice, maize, and beans by 69; and rice alone by 34. Thus, the crop mixes 
adopted by the sample farmers are basically predominantly characterized by the rice and maize 
system. 
Hierarchical clustering is employed as a systematic way of grouping. Three cluster 
groups of farmers, categorized according to the share of land they allocate to each crop (on the 
left side of Figure 5.1), are used to explain cropping patterns adopted by the sample farmers. 
Whereas the tree diagram shows how the entire sample is categorized into groups, the bar chart 
presents how and to what extent each group holds different crops, on average. The specific 
features of each group are as follows: Group 1 (G1) has a larger share of non-crop lands, G2 
has a high concentration of rice, and G3 allocates the majority of land to maize.  
In order to determine a little more detail about the difference in the cropping patterns, 
we investigate nine cluster groups (labeled G1’–G9’) on the right side of Figure 5.1. As seen in 
the bar chart, G1’ and G2’ have small portions of land dedicated to rice and large portions of 
non-crop lands. Particularly for G1’, more than 60% of land is not used for cropping. Rice is 
planted on about 40% of land or more in the cases of G3’–G7’. G5’ and G7’ have peculiar 
features: G5’ allocates half of land to both rice and maize and G7’ devotes the entire land to rice. 
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G3’ has relatively bigger portions of beans, whereas G4’ gives much of the land to rice and 
leaves some for no cropping. G8’ and G9’ are considered maize farmers with some portions of 
land for rice, beans, and other crops. G9’ has the biggest share of maize. 
Another grouping, in which non-crop lands are excluded, is presented in Figure 5.2. As 
in Figure 5.1, the left side depicts 3 cluster groups whereas 9 cluster groups are shown on the 
right side. When excluding non-crop lands from the grouping, the result is quite different from the 
earlier one including non-crop lands. For the three cluster groups, farmers with the biggest share 
of land to rice who also plant other crops are grouped as G1’’; G2’’ represents farmers producing 
only rice; and farmers favoring maize fall in G3’’. In further investigating the crop mixes of each 
of the three groups, nine cluster groups, G1’’’–G9’’’, present quite interesting differences 
between the groups. G1’’’ and G2’’’ share the similarity of allocating the biggest portion to rice but 
differ in that the second biggest crop for G1’’’ is beans and for G2’’’ is cassava. The percentage 
share of rice for G3’’’ is quite high at above 60%, and that for G4’’’ is 50% with the other half 
being devoted to maize. Farmers producing only rice fall under G5’’’ and the rest of groups 
(G6’’’–G9’’’) are farmers with more focus on maize. While G7’’’ and G9’’’ have no rice at all, the 
percentages of maize are higher than 70% for both G8’’’ and G9’’’. 
With this designated cluster grouping, farmers’ attributes such as age, education, 
location (district), number of family members above 15 years old (representing number of the 
farm’s working force), religion, size of total landholding, distance to milling machines, and 
subjective weather judgments are regressed using multinomial logistic regression, in order to 
know what determines farmers to choose particular crops and crop mixes. Three cluster 
groupings with non-crop lands (namely G1, G2, and G3) and the other three cluster groupings 
without non-crop lands (G1’’, G2’’, and G3’’) were used instead of the nine cluster groupings in 
order to avoid difficulties in comprehending the regression results. The more the groups we have, 
the more the similarity found between groups, which is likely to lead to unclear results.  
In Table 5.3, the results of the regression model including non-crop lands are shown on 
the left side and that of the regression model excluding non-crop lands on the right side. For 
each model, both the full model, which keeps all variables used, and the best model, which 
retains only variables giving the smallest Akaike Information Criterion (AIC), are presented. For 
the model with non-crop lands, the results show that, compared with farmers in G1 (large 
non-crop lands), farmers in G2 (rice major) are younger and have smaller land size, while those 
in G3 (maize major) have larger family labor forces, smaller land size and longer distances to a 
rice miller. Ones with large landholdings tend to leave some land for no cropping. It is quite 
understandable that even though land size increases the areas under crops, limited availability 
of labor means the increase is not proportional. Younger farmers could cultivate more area than 
older farmers, meaning that less land is left for no cropping. It is also to be expected that longer 
distance to a rice miller deters farmers from choosing rice, therefore increasing other crops, in 
this case, maize. On the other hand, the results for the model without non-crop lands show that, 
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compared with G1’’ (rice major), farmers in G2’’ (rice only) have smaller land size, and those in 
G3’’ (maize major) have larger land size and a longer distance to a rice miller. Considering the 
higher labor intensity required for rice production, only farmers with smaller land size can devote 
all their land to rice. In addition, there seems a tendency that, as land sizes become bigger, the 
portion of rice shrinks while that of maize expands. 
 
5.4.3 Crop risk assessment and its determinants 
Another important point before we move to the analysis of farmers’ risk attitudes is how the 
sample farmers perceive risks inherent in the production processes of each crop. In the 
questionnaire sessions, the sample farmers were asked about their perceived risk in the 
production of each crop, using a scale of 1–5, of which the riskiest is 5. The crops chosen for this 
question were rice, maize, beans, cassava, groundnuts, coffee, and banana (see Table 5.4). 
Because not all the sample farmers planted or had planted these crops, the numbers of 
respondents for each crop risk assessment are different. For rice, 266 farmers provided 
assessments and its mean risk is determined to be 2.12, lowest among all the crops assessed, 
followed by Cassava at 2.38 (76 farmers), maize at 2.63 (246 farmers), and beans at 2.79 (159 
farmers). The reported risk levels for the rest of the crops, groundnuts, banana, and coffee, are 
more than 3.0.  
What kinds of farmers perceive higher risk for production of these crops? To answer 
this, as mentioned earlier, an analysis using the multivariate probit model is done, in which 
5-scale data are converted into a binary scale, with a value of 1 if the answer is larger than 4. 
This is done for three crops only, namely rice, maize, and beans, because of the small numbers 
of respondents for the other crops. However, as shown in Table 5.5, there is no significance on 
correlation between residuals of the 3 equations at any pair, meaning that univariate probit 
models are appropriate. 
Since the analysis using the multivariate probit model is conducted with the sub-sample 
of 128 farmers which gives complete sets of all variables necessary for this particular analysis, 
independent probit models is also done with the same sub-sample. The sub-sample’s 
representativeness of characteristics of the entire sample is confirmed through testing mean 
difference of variables between the dataset used for analysis and the ones not in use. No 
significant difference is found between them, except for a few variables. The land size and total 
income is slightly larger for the one under analysis. The characteristics of this sub-sample are 
presented in Table 5.6. Explanatory variables include sex, age, education, number of family 
members above 15 years old, years of experience in farming, numbers of crops experienced, 
location (district), religion, dummy of plot size (either larger than 2 ha or not), asset level, 
distance to milling machines, and topography of plot location (water availability). The results are 
presented in Table 5.7. Younger farmers in Kyankwanzi District with longer experience in rice 
production assess rice as a high-risk option. If the cross-term of water availability and education 
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level is taken into consideration, the results differ a little. In addition to younger age and longer 
experience in rice, characteristics of lower education levels, farther distances to a rice mill, and 
less water availability become significant to influence farmers to find rice production a high-risk 
option. In contrast, location of residence becomes insignificant. This means that these variables 
could influence farmers’ risk assessment of rice production but due to possible multicollinearity 
between the cross-term and the variables becoming significant, especially water availability and 
education level, a clear conclusion cannot be drawn. For maize, farmers’ risk assessments are 
influenced negatively by education levels, living in Iganga, and total land size, and positively by 
years of experience in maize production, and distances to a maize mill. Beans production is 
assessed as highly risky by older farmers in Kyankwanzi with fewer family members in their 
labor forces. As expected, distances to a mill for rice and maize decisively influence farmers’ risk 
assessment for the crops. The farther the mills are located, the riskier the farmers find 
production of the crops. It seems that farmers in Kyankwanzi perceive a higher risk of production 
of all three crops relative to farmers in Iganga. Whereas age positively affects risk assessment 
for beans but negatively affects risk assessment for rice, years of experience are positive for rice 
and maize but not significant for beans. 
 
5.4.4 Discussion 
The findings here about cropping patterns applied by the sample farmers can be divided into 
three groups when not considering non-crop lands: the rice main group, the rice only group, and 
the maize main group. The regression results show that one of the influential variables 
determining selection of particular cropping patterns is the size of land holding. On the other 
hand, the results of regressing crop risk assessment show that size of land holding and distance 
to a milling machine are important factors to farmers when evaluating the level of riskiness of 
production of particular crops. Whether the crops the farmers consider to be risky tend to get 
smaller shares of land is a question we should examine.  
The farmers with larger land tend to choose cropping patterns of either non-crop land 
as a major or maize as a major. This matches the result of crop risk assessment for maize, which 
identifies that farmers with smaller lands consider maize production to be riskier than production 
of other crops. The farmers with larger land do not see maize as risky and therefore allocate 
more land for maize. It seems their risk assessment has to a certain extent an influence on the 
selection of cropping patterns. 
 
5.5 Role of risk attitudes in farming decisions 
5.5.1 Sub-sampling for the production decision analysis 
In order to get as accurate an estimation as possible, the sample dataset was screened based 
on the information collected from the questionnaires and risk experiment sessions. Although 
there were 280 questionnaires collected, as mentioned earlier, the data used in this analysis is 
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limited to the sub-sample of 110 observations after screening. The samples used involve farmers 
who produced both crops, that is, rice and maize, in the same season during the years in 
question, reported their actual yields of both crops, and showed non-irrational responses at the 
risk experiment. At first, 31 farmers dropped off because of not planting rice at all, 46 for not 
planting maize at all and 36 for not planting both in the same season. Missing information on 
actual yields and irrational responses on the risk experiment resulted in an additional 57 farmers 
dropping off from the dataset. 
 The representativeness of the data, even after dropping 170 samples out of 280, is 
confirmed through testing the mean difference of variables between the dataset used for 
analysis and the ones not in use. Except for a few variables, no significant difference between 
the characteristics of sample farmers is found. The land size and asset level characteristics are 
slightly larger for those farmers under analysis. The characteristics of this sub-sample are 
presented in Table 5.8. 
 
5.5.2  Risk measurement 
While the risk experiment was thoroughly explained to the sample farmers, some of them 
exhibited insufficient understanding of the rules of the game. Farmers were omitted from the 
sample for analysis if they either crossed the option A to B (or B to A) more than twice or did not 
cross at all even at the 10
th
 row in each of the experiments, Gain and Loss, as these are 
regarded as irrational responses. Because of this irrational response, 34 samples farmers had to 
be dropped. 
In eliciting farmers’ risk attitudes, this study reveals that our sample rice farmers are 
risk-averse in general terms. About 60% of farmers switched from Option A to B at the 6
th
 row for 
both domains, Gain and Loss. There is not much difference between the farmers’ responses 
between the two domains. For estimating the risk function, the data for risk averseness (1–9 
scale) is converted into binary (risk averter = 1, the rest = 0) in order to identify statistically a 
switchover point, which can distinguish risk averters from risk seekers.  
 
5.5.3  Risk attitude function 
To consider the error correlation between the two equations, one for the Gain domain and the 
other for the Loss domain, bivariate probit is used first. Since the χ2 test does not reject the null 
hypothesis that the correlation of the error terms equals zero, which means that bivariate probit 
is not necessarily required, a regression for each equation is independently performed. The 
switchover point to distinguish the risk averters from the rest is estimated at the 7th level of the 
risk scale, according to the minimum AIC standard. This analysis categorizes risk averters as 
those farmers with a switchover point at the 7th level or above (28 samples out of 110, giving a 
corresponding coefficient of relative risk aversion of 0.41 in using a power utility function). 
The regression results in Table 5.9 indicate that for the Gain domain, age, religion, and 
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village dummy (Kikonda village) explain farmers’ risk-averse attitudes at the 5%, 10%, and 1% 
levels of significance, respectively. Age is correlated negatively with risk-averse attitudes. This 
means that the older the farmers, the more risk they can take. This result is compatible with the 
findings of Dadzie and Acquah (2012) in Ghana, and Aye and Oji (2007) in Nigeria, but opposite 
to the finding of Yesuf and Bluffstone (2007) in Ethiopia. The inverse relationship between age 
and risk aversion in Uganda could be associated with the current socioeconomic condition of the 
nation: a high youth unemployment rate is an increasing concern and may influence younger 
generations to become more hesitant to take risky actions. Religion is correlated positively, 
meaning that Muslims are more risk-averse than Christians in the study area. This is also in line 
with findings by Bartke and Schwarze (2008) for Germany. In the present study, education level 
of household head was expected to influence negatively risk attitudes, as suggested in many 
previous studies including Knight et al. (2003); however, its coefficient is positive, although not 
significantly, for both gains and losses. The village dummy of Kikonda is highly significant for risk 
attitudes. We have not identified exactly what causes this difference only in Kikonda village, a 
village in Iganga District, but the other economic and social characteristics do not vary much with 
other villages in the study. This difference is not due to enumerators’ effect because the same 
enumerators covered all the surveyed villages in Iganga District. For the Loss domain, only age 
and the Kikonda village dummy are significant. This domain shows essentially the same 
structure as the Gain domain. For the following analysis, the predicted probability of being 
risk-averse, hereafter called risk-averse propensity, is used, which comes from the model in the 
Gain domain. The reason for using the Gain domain equation, and not the Loss domain equation, 
is due to a better fit in the following analysis. 
 
5.5.4  Yield function  
All three types of yield—minimum, average, and maximum—were regressed separately, but the 
two crops—rice and maize—were regressed together, by using bivariate seemingly unrelated 
regression. Table 5.10 shows that, the average rice yield is positively correlated with risk-averse 
propensity, farm size, and years of experience in rice cultivation; the average maize yield is 
positively correlated with risk-averse propensity, asset level, and farm size.
17
 For maize, unlike 
rice, asset level has some effect while experience does not work for improving maize yield.
18
 
For the minimum yield, only risk-averse propensity and years of rice experience influence the 
rice yield while the risk attitude and farm size does so in the case of the maize yield. For the 
maximum yield, all the four variables regressed have a significant impact on the rice yield, but for 
                                                   
17 
Varieties and land types in either upland or lowland areas are also included in the regression but do not show 
any significant difference among themselves. 
18
 Risk attitude will be correlated to wealth level and also asset level. However, multicorrelation 
indexes—variance inflation factor (VIF) and condition number (CN)—tell us this is not the case in the present 
study’s sample. Moreover, estimation results are confirmed to be robust if asset level is excluded in the 
regression models. 
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maize, only three variables—the exception is experience—positively affect the maize yield.19 
The positive correlation between risk-averse propensity and yields means that 
risk-averse farmers achieve higher yields for all the yield levels regardless of crops. Unlike the 
case of rice, experience in maize cultivation does not improve the maize yield. Farm size is 
positively correlated for all three levels of yield for both crops except for the minimum yield of rice. 
While this result conflicts with the inverse relationship found by Kimhi (2006) and Barrett (1996), 
it is in line with the findings of Dorward (1999) and Eswaran and Kotwal (1986). The latter two 
studies explained the positive relationship in terms of economic and market restrictions. For 
example, accessibility to capital markets is favored by large farms due to their better ability to 
present collateral. Therefore, large farms are able to access the necessary inputs for increasing 
yields. In our model, logarithm of asset level is a more appropriate variable to explain such 
capital market restrictions.  
As mentioned earlier, while farm size is positively correlated with crop income level and 
is expected to positively affect yield due to being in a better position to secure more farm inputs, 
it has a negative impact on yield due to labor restriction. The regression parameter of farm size, 
therefore, reflects the two opposite effects on the yield, with the dominant effect being an 
empirical question. This study’s result shows a positive effect of farm size on yield. 
 
5.5.5  Acreage function 
The possible determining factors of farm size for planting, that is, availability of family labor, 
percentage of suitable land, and favorable weather, together with the predicted yield for each 
yield level, were regressed using the Ordinary Least Squares method (regression [1] for rice, 
and regression [2] for maize in the first two columns of Table 5.11). The results for rice indicate 
that only the predicted rice yield and weather judgment affect in a statistically significant manner 
the land size given over to producing rice. It is quite normal and rational that farmers with a 
higher predicted yield and better weather in the recent past tend to produce more. Family labor 
availability and percentage of suitable land do not affect the size of the rice cultivation area at a 
significant level. On the other hand, the maize planting area is influenced by both its predicted 
yield and the number of family members above 15 years old for all yield levels. Contrary to the 
case of rice, weather judgment does not play a role in deciding the maize cultivated area. This 
suggests that the sample farmers recognize well that rice requires more water than maize. With 
regard to labor inputs, these are high for rice as the crop requires land preparation, extensive 
weeding, and bird scaring over and above that required by maize production. However, the 
results show that availability of family labor statistically increases only the maize cultivated area 
                                                   
19
 When the yield range (the difference between maximum and minimum yields) is used instead of the minimum 
yield and the maximum yield, the result shows that risk averse farmers have bigger yield ranges than non-risk 
averters have, for both rice and maize. This is quite different from the notion of risk averseness and the results of 
previous studies. However, a close look at how the yield range is determined on the ground, through 
decomposing the yield range into the minimum and maximum yields, shows that the yield range widened 
because the rate of increase of the maximum yield was greater than that of the minimum yield. 
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and does not statistically increase the rice cultivated area. This may be because the variable of 
family labor availability in this study considers the number of labor, but does not reflect the levels 
of their experience in farming for the crops. Furthermore, this result might be derived from the 
fact that our sample was basically selected from rice farmers. They therefore have already 
employed as much family labors as possible in relation to other necessary inputs such as 
suitable lands. If experienced family labors were already employed fully for rice cultivation, 
additional family labors would not be allocated to rice but other crops, in this case, maize. This 
means that the variable of number of family labors could only affect the number of labors the 
farmers can allocate for maize, not for rice. 
The reason why the percentage of suitable land is not statistically significant for rice 
acreage may also be the same as above. However, the variable of percentage of suitable land is 
a proxy of water availability at their lands since it was a farmer’s subjective expression regarding 
the location of their lands, i.e., at hill-top, on the slope, at valley bottom, with formal irrigation and 
so forth. Therefore it could be derived from the fact that the variable does not accurately reflect a 
real suitability of land for rice cultivation.  
The presence of multicollinearity among explanatory variables for all the regression 
models, namely, risk functions, yield functions, and acreage functions, is denied by the VIF test.  
 
5.5.6  Discussion 
Influence of risk attitudes on yield and acreage 
Judging from the three linked functions, it is found that directly elicited risk attitudes of farmers 
from the lottery experiment significantly affect their yield levels and consequently their acreage. 
It is also found that risk attitudes positively influence yield variance but this is because the 
increase in the maximum yield is larger than that of the minimum yield. For all the three levels of 
yield, especially the maximum yield, the risk-averse farmers perform better than their risk neutral 
or risk prone counterparts. Two possible explanations are that first, the risk averters use more 
inputs than the rest, and second, the risk averters exercise better on-farm management than the 
others where their farm input level is equal. The latter may be a more convincing reason since 
small-scale rice farmers seldom use farm inputs like fertilizer, chemicals, and machinery, as 
discussed in Chapter 3 for the analysis of data from the nationwide survey on rice farmers in 
Uganda. This result is consistent with a finding by Antle and Crissman (1999) that the degree of 
risk aversion is positively correlated to a technical efficiency index among Filipino rice farmers, 
which means that the higher the degree of risk aversion, the higher the output achieved. 
Dhungana et al. (2004) also show that risk-averse farmers tend to be better in technical 
efficiency compared to risk neutral or risk prone farmers, although the difference is not 
statistically significant.  
The results suggest there remains room for further improvement in Uganda’s 
agricultural sector and that risk averseness helps farmers to reduce their technical inefficiency. 
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Competition for resources between rice and maize 
In considering the possibility of shifting from other upland crops to rice, especially from maize to 
rice, we analyze information collected from the sample farmers related to the riskiness of each 
crop. They consider maize to be much more risky than rice, with many farmers quoting strong 
sunshine as the biggest risk for maize production. This may cause farmers to shift their 
production from maize to rice but such a shift is not yet happening at scale. Some plausible 
explanations, from our results and analysis, of why such a shift to rice production is not 
happening, could be as follows. First, rice yield is affected by years of experience in rice farming 
but maize is not. This suggests technical difficulties are inherent in rice production, which can be 
overcome only with experience. Second, as seen in the regression results of yield function, the 
risk attitude elasticity of the minimum yield is higher for maize than for rice. Considering the 
vulnerable economic situation of farmers, it may be understandable that they prefer maize 
production to rice production. Third, the acreage function shows significant impact of the 
weather variable (rainfall) on the acreage decision only for rice. The target areas of this research 
were selected from rice producing districts, but, as mentioned, the sample farmers are without 
formal irrigation like most farmers across Uganda. Our results stress the importance of rainfall 
for rice production and, at the same time, reveal the weaker position of rice, which is highly 
dependent on rainfall. 
We now look at some more elasticity measures calculated from the coefficients 
estimated for the yield and acreage function, in order to further investigate the issue of 
competition regarding areas planted between the two crops. Table 5.12 shows these elasticity 
measures, leaving only items whose estimated coefficients are statistically significant.  
The effect of yield on acreage is, same as the estimated coefficients in Table 5.11, 
larger on maize than rice, meaning that increase in maize yield more effectively widens maize 
acreage than rice yield does rice acreage. Increase in number of family member above 15 years 
old (adults in family) is a factor to increase maize acreage but not as effective as increase in 
maize yield. Better weather is influential for rice acreage slightly more than increase in rice yield. 
Both weather and yield are of course interrelated and therefore these two factors are important 
when considering expansion of rice acreage. The risk attitude elasticity of rice acreage is smaller 
than that of maize acreage. Therefore, risk-averse characteristics have a greater influence on 
maize acreage than on rice acreage. For rice, at the maximum yield level, risk attitude elasticity 
is larger while, for maize, it is larger at the minimum yield level.  
To obtain another elasticity measure, we regress the relative acreage of rice to maize 
as a dependent variable, with relative average yield of rice to maize and other variables used at 
the acreage function as explanatory variables, using the simple OLS method. The result is 
presented in the last column of Table 5.11. The elasticity of the relative acreage is measured at 
0.28, 0.62 and 0.63 for the relative minimum yield, the relative average yield, and the relative 
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maximum yield, respectively (see the ratio column of Table 5.12). The ratio of rice yield over 
maize yield cannot be said to elastically influence the ratio of rice acreage over maize acreage.  
On the other hand, the elasticity of the relative acreage with respect to weather judgment, also 
shown in the ratio column of Table 5.12, indicates that weather judgment is relatively effective at 
the given average or maximum yield levels 
Under this circumstance, when promoting a shift in production from maize to rice, it 
may be wise to seek both yield improvement and favorable weather. Attaining more favorable 
weather can be achieved only by selecting appropriate land for cultivation, such as valley 
bottoms or land with adequate moisture. There is no specific way to make the shift happen. 
Moreover, the fact that all the risk attitude elasticity figures are the largest at the maximum yield 
among the three yield levels suggests that it is most important to improve the maximum yield of 
rice in increasing rice acreage in Uganda, implying that the upside risk is more influential to rice 
farmers than the downside risk. 
 
5.6  Policy implications and concluding remarks 
The results of this study reveal the determinants of farmers’ selection of cropping patterns and 
their crop risk assessment. Our sample rice farmers show that young farmers with small land 
holdings tend to allocate more land to rice. Once land size managed by farmers increases, the 
share apportioned to rice decreases. The study considers percentage share of land allotted to 
rice in the total land, rather than the size of land allocated to rice production. Therefore, this 
alone cannot tell what types of farmers can produce bigger areas of rice. However, while we 
know that rice production is labor intensive and rarely goes beyond 3 ha, the analysis of 
percentage share in this study gives us valuable information for further extension aimed at 
boosting rice production in Uganda. With regard to risk assessment for the three crops, rice, 
maize, and beans, the sample farmers on average view rice production as less risky. It is easily 
understood that if a farmer finds production of a particular crop risky, then the farmer does not 
allocate large shares of lands toward it. The results of our analysis provide some evidence of this 
relationship for rice cultivation. 
The analysis on the role of farmers’ risk attitudes in production shows that risk-averse 
farmers realize higher yields both for rice and maize than non-risk-averse farmers. This suggests 
that both rice and maize production, and most likely agriculture in general in the country, still 
have the possibility of yield improvement with less costly but better on-farm management 
methods such as appropriate planting depths, spacing, and frequent weeding. Further research 
is required to examine this possibility more closely alongside the extent of such yield 
improvement. Once this is confirmed, these simple techniques could be disseminated by 
extension agents throughout the country wherever the potential for rice farming lies. Labor 
availability is one of the key factors for increase in production for any crop, but, for rice, 
restriction for suitable lands may arise at the same time since water availability is critical for it. 
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Therefore, in a situation where suitable lands for rice production are available, additional labor 
could increase rice acreage and vice versa. More importantly, the study found that weather 
condition is the most influential for increase in rice acreage in the situation Ugandan farmers 
normally face where both labor and suitable lands are limited. If farmers predict favorable 
weather (rainfall), they can increase rice acreage until other necessary inputs (labor and suitable 
lands) are exhaustively utilized. Therefore, development of irrigation or better on-farm water 
management which enhances capability of their lands should be an important option for assuring 
availability of water, and consequently increasing rice acreage. 
On the other hand, as inferred from the results, risk-seeking farmers who take on new 
technologies but do not attain expected yield increases could be a target for extension services. 
It is of great importance that they, early adopters, should be intensively supported by extension 
agents until they reach a level that the effectiveness of such technologies are exploited 
exhaustively, since their success is the likely driver for others to follow, as many studies report. 
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Variables Unit Mean S.D. 1 Mean S.D. 1 Mean S.D. 1
Female headed % 14.6 35.4 14.3 35.1 15.0 35.8 ns
Age of respondent yrs 39.4 11.5 40.0 10.8 38.9 12.2 ns
Education of respondent 3 - 6.3 3.0 6.5 2.6 6.0 3.3 ns
No. of family members no. 7.9 3.6 7.1 2.8 8.7 4.0 *
No. of adults in family no. 3.6 1.6 3.4 1.4 3.8 1.8 *
Being Muslims % 41.8 49.4 22.1 41.7 61.4 48.9 *
Mobile phone owner % 35.0 47.8 25.0 43.5 45.0 49.9 *
Total income 000 UGX 1,205 1,174 1,445 1,250 964 1,043 *
Crop income 000 UGX 966 907 1,115 942 817 849 *
Livestock income 000 UGX 104 406 110 235 98 525 ns
No. of income sources no. 1.5 0.7 1.7 0.7 1.4 0.6 *
Asset level 4 - 99.4 407.2 119.1 246.9 79.7 520.7 ns
Being a group member % 9.6 29.6 6.4 24.6 12.9 33.6 ns
Experience of rice training % 12.9 33.5 22.1 41.7 3.6 18.6 *
Distance to rice mill km 9.6 12.3 15.7 14.7 3.4 3.8 *
Distance to maize mill km 8.0 10.8 12.5 13.2 3.5 4.1 *
Distance to Financial Inst. km 24.4 18.4 33.2 21.0 15.6 9.1 *
Experience of rice cultivation yrs 4.9 4.2 3.6 1.9 6.2 5.4 *
Experience of maize cultivation yrs 8.8 7.1 7.8 6.6 9.8 7.4 *
Risk averse (gain domain) - 5.6 2.3 6.1 2.0 5.1 2.4 *
Risk averse (loss domain) - 5.6 2.3 6.0 1.9 5.2 2.5 *
Share of rice planted % 46.2 28.5 46.4 24.7 46.0 31.8 ns
Share of maize planted % 35.6 23.0 35.8 23.0 35.5 23.1 ns
Experienced min. rice yield 5 kg/ac 437 342 420 304 457 382 ns
Experienced mean rice yield 5 kg/ac 797 539 830 506 759 575 ns
Experienced max. rice yield 5 kg/ac 1,340 1,016 1,463 971 1,195 1,054 *
Experienced min. maize yield 
5 kg/ac 532 552 690 602 378 450 *
Experienced mean maize yield 5 kg/ac 958 861 1,303 972 625 569 *
Experienced max. maize yield 5 kg/ac 1,667 1,675 2,341 1,915 1,016 1,063 *
%age of rice sales % 76.8 18.7 75.5 14.3 78.4 22.9 ns
%age of maize sales % 61.4 32.0 71.7 22.5 51.2 36.5 *
Weather judge 6 - 8.8 1.4 9.1 1.0 8.6 1.7 *
Total land size ac 4.2 4.5 4.8 4.2 3.7 4.7 *
Land size for crops ac 2.8 2.2 3.2 2.0 2.4 2.2 *
Rice planter % 88.9 31.4 96.4 18.6 81.4 39.0 *
Maize planter % 83.6 37.1 82.9 37.8 84.3 36.5 ns
Beans planter % 44.3 49.8 47.9 50.1 40.7 49.3 ns
Size of rice planted ac 1.1 0.9 1.3 0.8 1.0 0.9 *
Size of maize planted ac 1.1 1.3 1.2 1.0 1.0 1.5 ns
Table 5.1.    Sample characteristics (N=280)
1 Standard deviation
2 Results of t-test of mean difference for each variable between the two sample sites are shown with * and ns, being statistically different at
the level of 5% and not significant, respectively.
3 Education level: 1-6: Primary, 7-11: Secondary, 12 or above: Tertiary
4 Asset level: calculated using current market value
5 Expected yields reported are only responded by 246 farmers for rice and 225 farmers for maize.
6 Summation of farmers' judgement of the past three seasons' weather and current season, good=3, fair=2, bad=1
Mean
differe-
nce 2
(N=280)
All Kyankwanzi
(N=140)
Iganga
(N=140)
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Table. 5.2.  Distribution of crops cultivated by sample farmers by village and variety of crop
N
Kyankwanzi 140 135 (96) 116 (83) 67 (48) 9 (6) 16 (11) 4 (3) 5 (4) 3 (2) 3 (2)
Kikonda 40 40 (100) 32 (80) 24 (60) 4 (10) 4 (10) 3 (8) 2 (5) 3 (8) 3 (8)
Kigangazi 20 20 (100) 16 (80) 8 (40) 0 (0) 3 (15) 1 (5) 1 (5) 0 (0) 0 (0)
Kyamusakazi 20 19 (95) 12 (60) 12 (60) 2 (10) 7 (35) 0 (0) 0 (0) 0 (0) 0 (0)
Lwengo 40 38 (95) 40 (100) 18 (45) 3 (8) 1 (3) 0 (0) 2 (5) 0 (0) 0 (0)
Kiryabisooli 20 18 (90) 16 (80) 5 (25) 0 (0) 1 (5) 0 (0) 0 (0) 0 (0) 0 (0)
Iganga 140 114 (81) 118 (84) 57 (41) 18 (13) 18 (13) 7 (5) 4 (3) 3 (2) 1 (1)
Nabweya 20 11 (55) 19 (95) 8 (40) 6 (30) 5 (25) 0 (0) 1 (5) 1 (5) 1 (5)
Nakasubi 20 20 (100) 13 (65) 2 (10) 0 (0) 0 (0) 0 (0) 1 (5) 1 (5) 0 (0)
Kigulamo 20 18 (90) 18 (90) 6 (30) 0 (0) 1 (5) 0 (0) 1 (5) 0 (0) 0 (0)
Lusagha 20 13 (65) 19 (95) 13 (65) 3 (15) 4 (20) 1 (5) 0 (0) 1 (5) 0 (0)
Buswiriri 20 19 (95) 19 (95) 13 (65) 6 (30) 5 (25) 0 (0) 0 (0) 0 (0) 0 (0)
Buwaade 20 20 (100) 12 (60) 7 (35) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Bukonde 20 13 (65) 18 (90) 8 (40) 3 (15) 3 (15) 6 (30) 1 (5) 0 (0) 0 (0)
Total 280 249 (89) 234 (84) 124 (44) 37 (13) 34 (12) 11 (4) 9 (3) 6 (2) 4 (1)
* G. nuts: Ground nuts, S. potato: Sweet potato, I. potato: Irish potato
District
      Village
MaizeRice
Irish
potato
Sweet
potato
BananaCoffee
Ground-
nuts
CassavaBeans
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Fig. 5.1.  Tree diagram for clustering the sample farmers by crop compositions and bar chart presenting average
crop compositions of each cluster in percentage share including non crop lands (left: 3 clusters, right: 9 clusters)
Fig. 5.2.  Tree diagram for clustering the sample farmers by crop compositions and bar chart presenting average
crop compositions of each cluster in percentage share excluding non crop lands (left: 3 clusters, right: 9 clusters)
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Group
Variables Coef.  P>z    Coef.  P>z    Coef.  P>z    Coef.  P>z    
G11
G21
Sex -0.557 0.272 -0.002 0.997
Age -0.038 0.028 -0.032 0.040 0.017 0.399
Education -0.002 0.981 0.093 0.201
No. family above 15 years old 0.186 0.154 0.165 0.174 -0.157 0.345
District dummy (1: Iganga) -0.230 0.610 -0.196 0.727
Religion dummy (1: Muslim) 0.387 0.333 0.188 0.681
Total land size -0.562 0.000 -0.561 0.000 -0.686 0.000 -0.635 0.000
Distance to a rice mill 0.009 0.731 0.013 0.422 -0.034 0.338 -0.003 0.870
Distance to a maize mill -0.005 0.858 0.037 0.312
Weather judgment -0.283 0.543 0.663 0.224
Constant 4.209 0.004 3.329 0.000 -1.787 0.284 0.226 0.589
G31
Sex 0.001 0.999 0.546 0.168
Age -0.017 0.350 -0.020 0.260 0.005 0.743
Education 0.048 0.508 0.050 0.339
No. family above 15 years old 0.209 0.134 0.215 0.100 -0.055 0.580
District dummy (1: Iganga) 0.059 0.906 0.293 0.410
Religion dummy (1: Muslim) 0.091 0.836 -0.022 0.944
Total land size -0.363 0.000 -0.358 0.000 0.069 0.036 0.062 0.034
Distance to a rice mill 0.043 0.088 0.035 0.031 0.017 0.306 0.022 0.038
Distance to a maize mill -0.011 0.672 0.018 0.334
Weather judgment -0.139 0.787 -0.066 0.854
Constant 0.995 0.538 1.083 0.157 -1.463 0.188 -0.966 0.000
chi2
P>chi2
log likelihood
Pseudo R2
AIC
1 For model (1), the groups regressed are G1, G2 and G3, whereas they are G1'', G2'' and G3'' for the model (2).
Full model Best model Full model Best model
(2) Model excluding idle lands
(G1'': rice major, G2'': rice only,
G3'': maize major)
(base outcome)(base outcome)
105.67
0.000
-240.796
0.000
47.20
0.001
-245.488
Table 5.3.   Determinants of different crop mixes (3 clusters) adopted by the sample farmers
(N=280) (Multinomial logit regression)
0.088
534.976
38.13
0.000
-250.026
0.071
512.052
0.180
525.592
100.89
506.317
0.171
-243.186
(1) Model including idle lands
(G1: idle major, G2: rice major,
G3: maize major)
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Table 5.4.   Farmers' assessment of risk associated with production by crop
No. of respondents Mean1 SD
Rice 266 2.12 1.05
Maize 246 2.63 1.15
Beans 159 2.79 1.07
Cassava 76 2.38 1.10
Ground nuts 70 3.21 1.17
Coffee 53 3.38 1.55
Banana 56 3.45 0.14
1 Risk assessed against scale of 1 to 5: 1 being least risky and 5 being most risky.
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Table 5.5  Correlation matrix of residuals for multivariate probit regression 1
Production risk of: Rice Maize Beans
1.0000 0.0922 -0.1399
(0.663) (0.510)
0.0922 1.0000 0.0067
(0.663) (0.970)
-0.1399 0.0067 1.0000
(0.510) (0.970)
1 A multivariate probit regression conducted, with production risk assessed by the
farmers for the three crops as dependent variables and farmer and farm specific
characteristics as explanatory variables, gives the correlation between residuals of
each equation of the three. The figures in parentheses are p-value.
Maize
Beans
Rice
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Variables Unit Mean S.D. 1
Female headed % 18.0 38.5
Age of respondent yrs 38.4 10.5
Education of respondent 2 - 6.4 2.7
No. of family members no. 8.0 3.8
No. of adults in family no. 3.7 1.7
Being Muslims % 36.7 48.4
Mobile phone owner % 33.6 47.4
Total income 000 UGX 1371.1 1407.8
Crop income 000 UGX 1093.8 1083.1
Livestock income 000 UGX 71.6 215.7
No. of income sources no. 1.6 0.8
Asset level 3 - 137.4 556.2
Being a group member % 9.4 29.3
Experience of rice training % 20.3 40.4
Distance to rice mill km 10.9 14.7
Distance to maize mill km 7.6 11.6
Distance to Financial Inst. km 26.5 21.5
Experience of rice cultivation yrs 5.1 4.0
Experience of maize cultivation yrs 9.7 7.1
Risk averse (gain domain) - 5.8 2.3
Risk averse (loss domain) - 5.7 2.2
Share of rice planted % 42.9 19.9
Share of maize planted % 34.0 19.1
Experienced min. rice yield* kg/ac 440.5 357.5
Experienced mean rice yield* kg/ac 844.7 599.7
Experienced max. rice yield* kg/ac 1513.4 1256.0
Experienced min. maize yield* kg/ac 603.7 542.7
Experienced mean maize yield* kg/ac 1117.7 941.4
Experienced max. maize yield* kg/ac 2021.1 1975.6
%age of rice sales % 74.7 19.7
%age of maize sales % 60.4 29.8
Weather judge 4 - 9.0 1.4
Total land size ac 5.0 4.9
Land size for crops ac 3.5 2.7
%age of land suitable for cultivation % 84.8 31.8
Rice planter % 100.0 0.0
Maize planter % 89.1 31.3
Beans planter % 68.0 46.8
Size of rice planted ac 1.3 0.9
Size of maize planted ac 1.3 1.6
Table 5.6.    Sample characteristics (N=128)
1 Standard deviation
2 Education level: 1-6: Primary, 7-11: Secondary, 12 or above: Tertiary
3 Asset level: calculated using current market value
4 Summation of farmers' judgement of the past three seasons' weather and current season, good=3,
fair=2, bad=1
* Expected yields reported are only responded by 127 farmers for rice and 113 farmers for maize.
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          Production risk of:
Coef. P>z Coef. P>z Coef. P>z Coef. P>z
Sex (1: Female)
Age -0.031 0.036 -0.029 0.039 0.029 0.056
Education level -1.992 0.000 -0.109 0.026
No. family members above 15rs old -0.164 0.074
Years of experience for the crop 3 0.065 0.069 0.088 0.021 0.052 0.006
No. crops experienced
District (1: Iganga) -0.733 0.043 -1.115 0.002 -0.614 0.040
Religion (1: Muslim)
Total land size (1: more than 2ha) -0.723 0.014
Asset level
Distance to a rice mill 0.021 0.030
Distance to a maize mill 0.021 0.091
Water availability at plot (rice) -3.435 0.000
  Cross term
Water availability/education level 0.507 0.000
Constant 12.597 0.000 -0.390 0.446 -0.115 0.789 -1.067 0.032
Wald chi2　(P>chi2) 32.620 (0.000) 7.420 (0.060) 25.350 (0.000) 10.690 (0.014)
log likelihood
Pseudo R-squared
AIC
3 The crop refers to its own. For example, it refers to rice for the models in the first two columns.
Table 5.7.   Determinants of Farmers' assessment of risk associated with production for rice, maize and
beans (N=128) (Probit regression)
Rice 1
(with cross term)
Beans 1Maize 1
-33.030
Rice 2
(without cross
term)
1 Only the best models with the smallest AIC by keeping explanatory variables with significant influences are presented.
2 This model is presented here for comparison with the model with cross term, by removing all variables related to the cross
term.
-41.348
0.064
90.69480.060
-57.371
0.215
126.741
-65.520
0.075
139.040
0.253
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Variables Unit Mean S.D. 1
Female headed % 12.7 33.5
Age of respondent yrs 38.9 11.5
Education of respondent 2 - 6.1 3.1
No. of family members no. 8.0 3.6
No. of adults in family no. 3.5 1.5
Being Muslims % 40.9 49.4
Mobile phone owner % 34.5 47.8
Total income 000 UGX 1404.9 1453.9
Crop income 000 UGX 1145.2 1123.7
Livestock income 000 UGX 90.3 231.9
No. of income sources no. 1.6 0.8
Asset level 3 - 160.0 625.5
Being a group member % 12.7 33.5
Experience of rice training % 18.2 38.7
Distance to rice mill km 9.5 11.6
Distance to maize mill km 7.6 10.8
Distance to Financial Inst. km 24.8 17.6
Experience of rice cultivation yrs 5.5 4.2
Experience of maize cultivation yrs 10.2 6.5
Risk averse (gain domain) - 6.2 1.2
Risk averse (loss domain) - 6.3 1.0
Share of rice planted % 41.1 17.7
Share of maize planted % 41.0 18.1
Experienced min. rice yield kg/ac 460.0 330.5
Experienced mean rice yield kg/ac 834.4 597.8
Experienced max. rice yield kg/ac 1422.6 1201.3
Experienced min. maize yield kg/ac 680.7 689.0
Experienced mean maize yield kg/ac 1183.4 1070.3
Experienced max. maize yield kg/ac 2080.4 2135.7
%age of rice sales % 77.3 20.0
%age of maize sales % 64.5 30.4
Weather judge 4 - 8.7 1.6
Total land size ac 4.9 5.0
Land size for crops ac 3.4 2.6
%age of land suitable for cultivation % 85.2 31.8
Rice planter % 100.0 0.0
Maize planter % 100.0 0.0
Beans planter % 51.8 50.2
Size of rice planted ac 1.3 0.8
Size of maize planted ac 1.5 1.7
Table 5.8.    Sample characteristics (N=110)
1 Standard deviation
2 Education level: 1-6: Primary, 7-11: Secondary, 12 or above: Tertiary
3 Asset level: calculated using current market value
4 Summation of farmers' judgement of the past three seasons' weather and current season, good=3,
fair=2, bad=1
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Table 5.9.  Estimation results of risk attitude functions, using Probit regression (N=110)  1
Variables Coef. P>z Coef. P>z
Sex (Female=1) 0.463 0.283 0.729 0.103
Age -0.029 0.048 -0.031 0.005
Education 0.043 0.358 0.059 0.335
District dummy (Iganga=1) -0.531 0.122 0.247 0.522
Village dummy (Kikonda=1) 1.086 0.003 1.463 0.000
Religion (Muslim=1) 0.588 0.078 -0.560 0.146
Constant -1.243 0.244 -0.422 0.699
Wald chi2　(P>chi2) 21.14 (0.0017) 25.51 (0.0003)
log likelihood
Pseudo R-squared
Regression models
(1) Gain domain (2) Loss domain
1 The values of dependent variables are one for risk averter and zero for the others.
-51.82
0.17
-45.91
0.24
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Coef. Prob. Coef. Prob. Coef. Prob.
Rice
rh (predicted risk attitude) 0.636 0.067 0.728 0.016 0.937 0.003
ln(Asset level) -0.001 0.967 0.021 0.101 0.029 0.026
0.155 0.248 0.282 0.016 0.272 0.023
Experience of rice 0.053 0.000 0.053 0.000 0.048 0.000
Constant 5.407 0.000 5.938 0.000 6.400 0.000
Maize
rh (predicted risk attitude) 1.124 0.003 0.968 0.008 0.955 0.016
ln(Asset level) 0.021 0.194 0.031 0.045 0.044 0.007
0.611 0.000 0.595 0.000 0.619 0.000
Experience of maize 0.014 0.161 0.006 0.54 0.009 0.357
Constant 5.518 0.000 6.213 0.000 6.660 0.000
R2  (rice)
        (maize)
chi2  (rice) (rice)     (p-value) 16.41 (0.0025) 34.73 (0.0000) 38.75 (0.0000)
        (maize) (maize)     (p-value) 39.65 (0.0000) 40.80 (0.0000) 43.58 (0.0000)
Max. VIF  (rice)
 (maize)
 (rice)
 (maize)
0.270 0.272 0.288
Regression models
(1) Minimum yield (2) Average yield (3) Maximum yield
Table 5.10.  Estimation results of yield response functions, using seemingly unrelated regression (N=110)
Farm size dummy (Large=1: total
holding>5acres)
Farm size dummy (Large=1: total
holding>5acres)
Variables
0.099 0.200 0.231
1.210
1.240
Condition
number
5.349
5.843
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Table 5.11.   Estimation results of acreage function, using OLS regression (N=110)
Variables Coef. Prob. Coef. Prob. Coef.   Prob.
Minimum yield
ln (minimum yield) 0.497 0.060 1.049 0.000
ln (minimum yield ratio) 2 0.413 0.189
No. of adults in family 0.025 0.410 0.087 0.036 -0.063 0.517
Weather judge 
3 0.377 0.007 -0.022 0.887 0.471 0.120
% of suitable land 4 -0.040 0.816 0.276 0.170 -0.024 0.946
Constant -3.721 0.017 -6.918 0.000 -0.988 0.514
R2
Average yield
ln (average yield) 0.540 0.008 1.059 0.000
ln (average yield ratio) 2 0.901 0.014
No. of adults in family 0.026 0.397 0.100 0.017 -0.080 0.327
Weather judge 3 0.341 0.014 -0.030 0.846 0.559 0.076
% of suitable land 
4 -0.004 0.983 0.264 0.187 0.074 0.837
Constant -4.270 0.001 -7.609 0.000 0.692 0.275
R2
Maximum yield
ln (maximum yield) 0.471 0.007 0.962 0.000
ln (maximum yield ratio) 2 0.908 0.004
No. of adults in family 0.032 0.296 0.098 0.017 -0.067 0.411
Weather judge 3 0.334 0.016 -0.004 0.976 0.669 0.040
% of suitable land 4 -0.169 0.919 0.260 0.190 -0.118 0.722
Constant -4.047 0.001 -7.486 0.000 0.586 0.356
R2
1 Dependent variable for regression (3) is the relative acreage defined as "rice acreage/maize acreage".
2 Defined as ln(rice yield/maize yield)
3 Summation of farmers' judgment of the past three seasons' weather, good=3, fair=2, bad=1
4 % of land categorised as suitable for crop planting out of total lands devoted to crop production
0.14 0.33 0.14
0.17 0.34 0.19
Regression models
[1] Rice acreage
(log form)
[2] Maize acreage
(log form)
[3] Relative acreage
1
(ratio form)
0.17 0.33 0.19
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Table 5.12.  Calculated elasticity 1
Rice Maize Ratio 2
Minimum yield
Yield 3 0.497 1.049 0.284
No. of adults in family - 0.303 -
Weather judge 0.793 - -
Risk attitudes 0.079 0.295 -
Average yield
Yield 3 0.540 1.059 0.620
No. of adults in family - 0.348 -
Weather judge 0.717 - 0.809
Risk attitudes 0.099 0.257 -
Maximum yield
Yield 3 0.471 0.962 0.625
No. of adults in family - 0.341 -
Weather judge 0.702 - 0.968
Risk attitudes  0.110 0.230 -
2 Ratio means relative acreage of rice to maize.
3 Yield represents rice yield for Rice, maize yield for Maize and relative yield of rice to maize for Ratio.
1 Elasticity of each item relative to acreage, at each yield level, and for rice, maize and ratio of rice over
maize, are transferred or caluculated using the average figures from Table 5.10 and 5.11.
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Table 5.A.1 
 
 
 
 
  
Lottery Choices for Mesuaring Risk Aversion  (gain domain)
(Ushs.)
Prob. Prob. Prob. Prob.
1 2,000 UGX 1/10 1,600 UGX 9/10 4,000 UGX 1/10 100 UGX 9/10
2 2,000 UGX 2/10 1,600 UGX 8/10 4,000 UGX 2/10 100 UGX 8/10
3 2,000 UGX 3/10 1,600 UGX 7/10 4,000 UGX 3/10 100 UGX 7/10
4 2,000 UGX 4/10 1,600 UGX 6/10 4,000 UGX 4/10 100 UGX 6/10
5 2,000 UGX 5/10 1,600 UGX 5/10 4,000 UGX 5/10 100 UGX 5/10
6 2,000 UGX 6/10 1,600 UGX 4/10 4,000 UGX 6/10 100 UGX 4/10
7 2,000 UGX 7/10 1,600 UGX 3/10 4,000 UGX 7/10 100 UGX 3/10
8 2,000 UGX 8/10 1,600 UGX 2/10 4,000 UGX 8/10 100 UGX 2/10
9 2,000 UGX 9/10 1,600 UGX 1/10 4,000 UGX 9/10 100 UGX 1/10
10 2,000 UGX 10/10 1,600 UGX 0/10 4,000 UGX 10/10 100 UGX 0/10
A B
Payoff Payoff Payoff Payoff
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Chapter 6 
 
Summary and General Conclusion 
 
 
After the introductory chapter, in Chapters 2 and 3 of the thesis, we provided an overview of rice 
production in Uganda from the aspects of environment, land tenure, production structure, 
production method, productivity of different varieties as well as different ecologies, and farmers. 
The way rice was introduced to farmers’ fields and its impact on income generation were 
discussed in Chapter 4, with specific attention to the Nerica 4 variety. Almost all findings and 
suggestions in these chapters are positive and encouraging for rice farmers as well as the 
authorities concerned with the development of the rice sub-sector in the country. Some of the 
findings are as follows: 
 Thanks to favorable climate conditions and extensive dissemination programs 
by the government with support from donors, rice production in the country 
has registered high annual growth rates during 2000s. 
 There are specific varieties grown locally that correspond to those ecological 
types in which they perform well. 
 There is potential for further yield increases in the western and northwestern 
regions. 
 There is still much enthusiasm among farmers for introducing rice due to its 
high profitability. 
 The pro-smallholder nature that rice farming entails can reduce income 
disparities between large and small farmers. 
In spite of these positive findings with which a rice-led green revolution in Uganda could 
take place, rice remains a minor crop in terms of production and total cultivated area. The 
hypothesis set at the beginning of this thesis was that risk avoiding attitudes influence rice 
production decisions. This was tested in Chapter 5. The results suggest that risk avoiding 
attitudes positively influence rice production decisions, meaning that farmers’ risk averse 
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characteristics can improve yields and increase acreage. This does not explain why rice remains 
a minor crop but offers prospective counter-measures to make it a major crop. While two 
possible reasons why risk-averse characteristics can lead to yield improvement for rice were 
mentioned in Chapter 5, the more likely reason is that risk-averse farmers use better on-farm 
management methods to make higher yields possible. Considering the current situation in which 
agricultural inputs are not easily accessible, the risk-averse farmers who do not want to see a 
worst case scenario use methods such as appropriate planting depth, spacing, and frequent 
weeding to avoid risks. Though more scrutiny is required, we suggest that extension staff should 
focus on these methods when passing on technologies to rice farmers. 
 The potential of Ugandan rice farming is high, as reported throughout this thesis. 
Farmers’ risk attitudes do not seem a limiting factor for a rice-led green revolution in the country. 
However, maize is prevalent and still has some advantages in terms of available suitable lands 
and less requirement of rainfall. Weather factor is one of the important aspects for rice cultivation 
but as this study revealed, other factors such as farmers’ perception and extension services 
strengthening farmers’ on-farm management are also effective measures of intervention. There 
is a need to address all these factors simultaneously in order to fully and effectively exploit the 
high potential of rice cultivation in the country. 
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Summary (in Japanese) 
 
サブサハラアフリカ地域における緑の革命が希求されて久しく、多くの研究者の関心を集めて
いる。本論文は改良稲の新品種群であるネリカの普及において同地域を先導するウガンダを対象
に緑の革命の阻害要因、中でも生産リスクを忌避する農家行動の影響に焦点を当てその構造の解
明を目的とするものである。 
第一に、稲作全国調査のデータを利用し、環境と土地の観点から同国の稲作生産状況を概観し、
地域的な広がりと各地域における特徴的な生産形態や採用品種がもたらす生産性の差異について
分析した。また、近年になって導入されたコメ、特にネリカが農家に如何に受け入れられ、家計
にどの程度の寄与しているのかを所得関数を用い検討した。その結果、ネリカは新規開拓地の利
用またはメイズの代替として生産体系に組み込まれ、農家レベルでも高収量と高収益を記録して
いることが解った。地域内所得格差の是正への貢献も確認された。 
一方、現場での効果に反しその普及速度が鈍化している状況を、280 戸の農家から収集したリ
スク態度のデータを用い、作付体系や作付面積への影響を統計的に分析した。その結果、農家が
採用する作付体系の決定において各作物に対する農家自身のリスク評価がある一定の影響を持つ
こと、リスク回避的農家はより高い単収を得ておりよって作付面積が大きいこと、また、特に単
収の上振れが面積拡大に大きな影響力を持つことが判明した。これらは今後の普及現場での方向
性に重要な示唆を与えるものである。 
 
